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AN EDITORIAL ANNOUNCEMENT 


Impact was founded two years ago to focus the attention of leaders 
of thought in all nations upon science as a powerful social force 
that is everywhere transforming man’s way of life and his habits 
of thought. In a very real, though special, sense the laboratory is 
the birthplace of the future. A new discovery or a deeper insight 
into the truths of nature leads—in ever widening circles of in- 
fluence—to more power over the environment, more resources 
for economic development, to their organized exploitation by 
technology, agriculture or medicine, then to new social conditions 
that demand social adaptations, and thus to changes in economics, 
finance, domestic politics and international relations. Ultimately, 
the individual adapts himself too, not only in the manner in which - 
he spends his earnings and his time, but in his relations with other 
persons and even in his philosophy of life. 

So too the consequences of scientific progress spread in widen- 
ing circles over the earth. They are not local nor national. The 
effects of discovery anywhere sooner or later reach everywhere. 
Science is inherently international and its effects are world-wide. 
Yet it has not been easy to observe its social effects on a world- 
wide scale. Since the study of these requires the world point of 
view, the impact of science on society is a subject well within the 
scope of Unesco. 

Yet it is only in recent years that science has been generally 
recognized as a social force. Nothing could better illustrate the 
radical change that the last few decades have wrought in this 
recognition than the words of two great English historians, both 
professors at Cambridge University but separated by two gener- 
ations. In the 80’s of the last century, Sir John Seeley, in discussing 
the reign of Queen Anne, contrasted the réles of Sir Isaac Newton, 
the scientist, and of Robert Harley, the statesman. He acknow- 
ledged that Newton was by far the greater man but that Harley 
must fix the attention of the historian. For the historian, he said, 
limits himself to those matters which concern the State: “Now 
government and legislation, and wars and alliances, concern the 
State, but scientific discoveries . . . do not.” 

But in 1951, a few years after the explosion at Hiroshima, Her- 
bert Butterfield in The Origins of Modern Science saw a far greater 
significance in the scientific revolution of Newton’s day. He con- 
siders it the outstanding event in European history, which “out- 
shines everything since the rise of Christianity and reduces the 
Renaissance and the Reformation to the rank of mere episodes, 
mere internal displacements within the system of medieval Chris- 
tendom. . .. It looms so large as the real origin both of the modern 
world and of the modern mentality that our customary periodiza- 
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tion of European history has become an anachronism and an 
encumbrance.” 

Thus have times and values changed within a few decades. The 
founding of Impact was timely. Today the world is aware that the 
social consequences of science are its most important aspect and 
that its impact on society is ever more swift and more forceful. 
The time must soon come when the impact can be foreseen and 
when economists, educators, philosophers and governments will 
take it into account and guide it wisely. 

Now, with this issue, Impact begins its third year. During the 
first two years it has surveyed in each number wide fields of social 
effects, has presented lists of abstracts of articles in those fields, 
and has reproduced important past analyses and comments. They 
have been of interest primarily to scholars and to specialists in 
the subjects. But the response has indicated a much _ broader 
interest on the part of the reading public in many lands. It has 
demanded, too, a study of what is happening today and what will 
happen next. 

With this number, therefore, Impact changes its course some- 
what to accomplish a larger purpose. The articles will be primarily 
original studies of present events and trends. They will be written 
not only for scholars but for thoughtful persons in all walks of 
life and especially for those whose interest is the advancement of 
society and the improvement of social conditions. 

Many of the articles will include references and selective biblio- 
graphies to enable the reader to pursue the subject further. 
Mr. Ducassé’s article in this issue has such a bibliography. 

A new feature, which appears in this issue for the first time, is 
devoted to fairly full reviews of important books, articles and 
documents on the social implications of science. There are also 
items of current history to call attention to events which reveal 
the interaction of science and society. 

Thus, learning from experiment and experience, which is the 
essence of science itself, Impact expects to play an increasingly 
important rdle in fostering international understanding. In such 
manner, the future can perhaps reduce the great disparity among 
nations which is represented by the words “advanced” and “under- 
developed” and which is fundamentally a difference in the know- 
ledge and use of science. 


The Editor. 
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ENERGY AS THE KEY TO SOCIAL EVOLUTION © 


by 


W. TiIRASPOLSKY 


On 6 August 1945, at Hiroshima, man for the first time made de- 
liberate use of a fraction of the energy stored up within the atom. 
It is almost certain that future historians will regard that date as 
the opening of a new era in the use of energy—the era of nuclear 
energy. 

Human industry has now in fact changed over to a new scale in 
its available range of sources of energy, just as it did on the day 
when the energy stored up in the molecule was first turned to 
useful purposes. If we leave aside the secondary forms of power 
which have not yet been industrially applied on a large scale, such 
as the internal heat of the earth or atmospheric electricity, nuclear 
energy is the fourth of the sources of energy which man has used 
to relieve physical drudgery and to increase the effective labour 
power that he can bring to his activities. 

The four sources of labour which man has so far put to practical 
use are: the muscular strength of men and animals; the kinetic 
and potential mechanical energy of wind and water, which is 
released by certain changes in the distribution of molecules; the 
molecular or chemical energy stored up in matter, which is re- 
leased by certain changes in the structure of the molecules; the 
nuclear energy stored up in the atom, which is released by certain 
changes in the structure of the atom. 

Each stage in this advance has been matched by a change of scale 
in the quantity of labour power which the new robot has been 
able to furnish to its masters. A waterfall may take the place of 
a whole army of slaves. And if: 1 kg. of water, in falling 1 metre, 
releases 1/427 calorie; 1 kg. of gunpowder, in combustion, releases 
800 calories; 1 kg. of petrol, in burning, releases 12,000 calories; 
1 kg. of uranium 235, in fission, might release some 15,000,000,000 
calories. 

This figure alone is enough to show what splendid possibilities 
and what dire threats may lie in the future of the nuclear age. The 
time seems ripe to sum up the part which the mastery of the 
various sources of energy has played in the evolution of society. 
It may thus perhaps be possible to deduce certain historical laws 
and even to derive from the experience of the past some con- 
clusions applicable to the future. 


MUSCULAR ENERGY 


The first motive force was the muscle, and for a long time it was 
the only source of energy. It is, incidentally, a good—in fact, a 
very good—engine. The thermal efficiency of the human machine 
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is in the region of 17 to 20 per cent, a figure comparable to that 
of the best internal combustion engines and very much higher 
than that of the classic steam engine. On the average, a well-fed 
workman can supply an effective output of power ranging from 
1/10 to 1/20 h.p. for 8 to 10 hours a day. At the rate of 2,000 hours 
of actual work a year, this amounts to a total of no more than 
some 100 kWh., a work which an industrialist pays a few shillings 
if he takes it from an electricity meter. To give an immediate idea 
of the progress made, it may be noted that the present social 
standard of mankind represents an annual consumption of nearly 
5,000 kWh. per head, and that the standard of comfort of the 
modern American represents over 70,000 kWh.! 

The most advanced thinkers soon realized that, if man was to 
develop his noblest faculties to the full, he had first to rise above 
the intrusive material contingencies of daily life. Two alternatives 
were open to him: to give up all material comfort, as did the sages 
—Diogenes, Socrates, Christ—or to exploit his fellowmen, as did 
the strong. All that was necessary was to compel other men to 
produce more than they received in exchange. The progress of 
society gave birth to slavery, and only the progress of technology 
can bring it to an end. 

The 20,000 citizens of Athens had 400,000 slaves to serve them. 
At the beginning of our era the 15 to 20 million Roman citizens 
had 130 to 135 million slaves.? At the rate of 100 kWh. a head, the 
Athenian therefore commanded an average of 2,000 kWh. a year, 
which accounts for his relatively easy life. And when we comment 
admiringly on the modern conveniences which the patricians of 
Rome succeeded in developing, we must not forget that they were 
able to use the energies of thousands of slaves for the purpose. 
The average standard of life of an inhabitant of the United States 
of America would represent the output of 700 Roman slaves. 

This fund of human energy was gradually increased by the 
addition of a potential store of muscular energy in animals. Horse, 
ass and buffalo, camel, elephant and llama certainly eased the 
physical labour of man to an appreciable extent. But we must 
not overrate the value of this contribution—apart from the 
question of transport and the art of war. It is estimated that the 
90 million horses, 50 million asses and mules, and 80 million 
buffaloes and camels, which make up the present livestock re- 
sources of the world, represent a potential force of some 100,000 
million kWh. per annum, compared with the 200,000 million re- 
presented by the fund of human energy.' It is necessary, however, 
to deduct the sum of labour expended in rearing, training, feeding, 
housing and driving these beasts. Nor must we forget that the 
rational use of this source of energy is a vomparatively recent 
development; the ancients employed a disastrous method of 
harnessing horses and, according to Lefebvre des Noéttes, it was 


1. McCabe, L. C., World Sources and Consumption of Energy, Unesco/NS/75, “Energy in 
the Service of Man” (Paper No. 2), Paris, 11 June 1951. 

2. Wallon, Henri A., Histoire de l’esclavage dans l’antiquité. Second edition, Hachette, 

Paris, 1879. 




















only in the tenth century that men learnt how to shoe and harness 
them properly.‘ 

If we now consider the history of man, we see that the art of 
organizing and exploiting muscular power has had many ups and 
downs, now rising to a peak of development and now de- 
generating. And we find that, whenever a group of men has learnt 
a better way of manipulating a form of muscular energy, or of 
securing a greater concentration of it, than that known to neigh- 
bouring groups, it has been able to extend its territorial 
boundaries, if it has applied its dicovery to the military arts, or to 
increase its well-being, if it has applied the new knowledge to 
industry. 

The marvellous civilizations of Egypt and Babylon, the amazing 
Empire, of the Incas, each of which enabled certain groups of men 
to attain a level of social development which has rarely been 
equalled, were founded entirely upon a highly developed and 
minutely regulated organization of hordes of slaves. The civiliza- 
tion of Athens represents one of the loftiest soarings of human 
genius in the realm of pure reason. This tiny group of men 
(numbering some 20,000), who succeeded, in a few centuries, in 
creating a new climate of life in which logic took precedence over 
force, and beauty over utility, stands perhaps for the most 
wondrous miracle of social progress ever achieved. But this 
miracle would have been impossible without the muscular strength 
of 400,000 slaves, whose services gave their masters time to think, 
and who carted the blocks of marble with which Phidias and Cal- 
licrates built the Parthenon. 

The wonderful organization of the Roman Empire, which once 
more made possible the breaking of the record for social progress 
over a period of several centuries, was based entirely upon the 
clever utilization of a labour force of over 100 million slaves and 
subject peoples. The same applies to the countless civilizations of 
the Far East. 

Finally, much nearer our own time, from the fifteenth to the 
nineteenth century, we find Spain, Portugal, England, Holland and 
France achieving a rapid rise in the social standards of their 
peoples as a whole, thanks largely to the wealth which armies of 
coloured serfs and slaves enabled them to transport. During all 
this time, the contribution made by animals in the industrial field 
appears to have been quite subsidiary, and it was only from the 
fifteenth century onward that the use of animals for much of the 
hard work of ploughing and transport began to bring about pro- 
found changes in the life of the countryside. 

The same does not apply to the art of warfare. The mobility and 
striking power of armies depended very largely on their potential 
of animal power. According to the Mahabharata, a model army of 
over 2,000 years ago should have comprised: 109,350 foot soldiers, 
65,610 horsemen, 21,870 chariots and the same number of 


4. Lefebvre des Noéttes, L’attelage, le cheval de selle @ travers les dges, 2 vol., Picard, 
Paris, 1931. 














elephants.! We cannot tell whether such an army ever existed, 
but we do know that Hannibal crossed the Rhone with 8,000 horses 
and 37 elephants, and that, in the sixteenth century, the Great 
Mogul still maintained a force of 30,000 to 40,000 war elephants, 
not counting legions of horses and camels.” 

The most striking example of success in this line, however, is 
that of the petty Mongol chief who, imitating the exploits of the 
Parthians, succeeded in training a few dozen thousands of his 
Tartars into stronger bowmen and better horse-trainers than any- 
one else. With this asset alone he was then able, taking the title 
of Genghis Khan—Ruler of the World—to extend his dominion 
from the Yellow Sea to the Black Sea. 

So long as muscular power was the major source of energy, it 
was only by rational use of that power in industry and warfare 
that groups of men were able to raise their social standard 
and to defend themselves against the covetous envy of their neigh- 
bours and their slaves. 


MECHANICAL ENERGY 


At a fairly early date, man learnt to use the energy of the falling 
weight, the released spring, running water, and wind, that is to 
say, the kinetic and potential energy of moving masses. Generally 
speaking, the means employed were more or less ingeniously de- 
signed mechanisms which made it possible to recover the labour 
previously put into their manufacture, such as the counterweight 
used in the well or the clock, the spring of the ballista, etc. Wind 
and water, however, as sources of energy, have exercised a con- 
siderable social influence from the very earliest time of human 
society. 

The great trade routes have been affected by the fact that the 
main rivers could be navigated with laden vessels only when 
travelling downstream. The history of Europe would not have 
been exactly the same if the Rhone, the Loire, the Rhine, the 
Danube or the Dnieper had flowed the other way and thus supplied 
free power of movement in the opposite direction. Similarly, all 
life in the Nile Valley was dependent on the water power supplied 
by the river in its floods, which fed the irrigation system of the 
ancient Egyptians. The same was true of the great civilization of 
Mesopotamia. 

The influence of wind and water mills on human society has 
been quite as far-reaching. Not until the beast of burden set man 
free from porterage, and the mill from the task of grinding grain, 
was it possible to banish the old form of slavery from Europe. 
Anyone who has seen a caravan of bearers in Africa or listened 
to the haunting sound of rice being pounded from dusk to dawn 
by millions of women in countless villages, telling, as it has done 


1. Mahabharata, Hindu epic poem, quoted from Armandi’s Histoire militaire des éléphants, 
Amyot, Paris, 1843. 
2. Armandi, Pierre Damien, Histoire militaire des éléphants, Amyot, Paris. 
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for centuries, of the hardness of life in Asia, will understand what 
that liberation meant. 

As early as the seventeenth century, incidentally, it was possible 
to take advantage of running water as a source of energy in 
industry, which was then slowly emerging. To give some idea of 
the importance of this water power we may note that in 1890 
there were 70,000 mills and factories in France situated on rivers, 
with a total potential of one million horsepower. This was ap- 
proximately equal to the potential sum of muscular energy of the 
entire adult population of the country. We may also mention the 
interesting case of the Netherlands, whose very existence and 
entire social structure depended on the work done by tens of 
thousands of “windmills”, which were never used to grind anything 
but which kept the water level below that of the sea. Finally, at the 
present day, water power supplies about 10 per cent of the total 
world consumption of energy and, in certain countries such as 
Switzerland or the Scandinavian countries, where it furnishes 
nearly half the power used, it has an effect on the economic and 
social structure. 


MOLECULAR ENERGY 


So far, we have dealt solely with the forms of energy which may 
be described as natural, those which we share with the animal 
kingdom. For animals too are aware of the force of muscular effort 
and can take advantage of the energy of wind and water. Ants 
keep slaves working for them, fish make skilful use of currents 
in the seas and rivers, and birds are such experts on air currents 
that some of the precursors of flight, like Clément Ader, assumed 
that air travel would develop only along the natural airways, which 
they attempted to discover by watching the flight of storks and 
vultures.' 

On the other hand, the deliberate release and control of chemical 
energy and the intentional regrouping of the atoms in the molecule 
are man’s exclusive prerogatives. 


The Mastery of Fire 
At the exact moment when the first of our ancestors first learnt to 
make conscious use of the properties of fire as a protection against 
wild animals and a means of overcoming cold and darkness, and 
only then, did he rise to a higher level than the other primates. He 
was no longer a highly developed ape; that day, he became a 
primitive man. Prometheus created homo sapiens by bringing 
down from heaven the secret of fire; and it is perhaps not by pure 
chance that the Greek legend represents him as chained to a rock 
in the Caucasus, the home of petroleum and natural fire. The most 
important step forward in the progress of society, whereby we 
advanced from the race of animals to that of men, was brought 


i. Ader, Clément, L’aviation militaire, 9th edition, B. Levrault, Paris, 1914. 




















about by the first great conquest in the control of energy—the 
mastery of fire. After a life spent in research, a religious man like 
the geologist Pierre Termier had found nothing else to distinguish 
the most primitive man from the most highly developed ape than 
the knowledge of how to use fire. 

The family and social life of the cave-man organized around 
the hearth. One of the most important things which those of our 
ancestors who made their way across Europe in two Ice Ages had 
to do, must have been to keep the fire alive. And it is very probable 
that the torch was a powerful weapon for the subjugation of 
peoples who were more backward in war. The use of all forms of 
Greek fire must go back to a very early period in our history. 

For thousands of years, man was content to use the radiant 
energy of fire to give him light, to warm himself and to cook his 
food. But little by little he learnt to make use of the chemical re- 
actions set up by combustion to extract metals from their ores and 
to work them, bringing us first to the Bronze Age and then to the 
Iron Age. These two fundamental stages in our social development 
are simply the outcome of two advances in the mastery of molec- 
ular energy. 


Gunpowder 


The second great stage in the mastery of fire was reached in the 
fourteenth century, when men learnt systematically to direct the 
molecular energy released by the deflagration of gunpowder. The 
English are said to have been the first Europeans to use firearms 
in a pitched battle, at Crécy in 1346. But there is no doubt that the 
new technique had already been perfected over a fairly long 
period by that time. The Hundred Years War (1337-1453), which 
laid half Europe waste, provided a laboratory and a testing-ground 
for the improvement of this new instrument of power. 

This advance in the use of molecular energy, the second since 
the early days of mankind, coincided with one of the most decisive 
turning-points in the history of our civilization. 

The Western mind broke free of ihe sterile bonds of outworn 
scholasticism. A spectacular flowering was to be seen in all the 
arts and all the sciences. Gun in hand, Europe set forth to conquer 
the world. Russia, with its artillery, drove back the Tartars to the 
borders of the steppes. Europe swept back the Moors towards 
Africa. Spain and Portugal, followed by Holland, England and 
France, set sail in caravel and carack to discover and colonize 
America, Africa and Australia. 

The far-reaching revolution of the Renaissance was founded, of 
course, on many other technical advances besides the use of gun- 
powder. The compass was perfected to assist in navigation, and 
the printing press to spread the new ideas. But, quite literally, it 
was the sound of the cannon which awakened Europe and plunged 
it into the ferment of the Renaissance. The social order based 
upon the feudal castle, surrounded by its strong walls, gave place 
to the social order of the military dynasties relying on the shock 
force of their brand new artillery. 
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The new masters, abandoning their predecessors’ prejudices, 
gathered around them the most gifted “engineers”. As relaxation 
during the short periods of truce, the great lords allowed them to 
build palaces and ornament them with brush or chisel. But we 
have only to read how enthusiastically Benvenuto Cellini, in his 
autobiography, speaks of the “marvellous flight” of a cannon ball 
he fired from the Castel Sant’ Angelo upon the head of some enemy 
cardinal, or to see how modestly Leonardo da Vinci, when seeking 
a patron, adds, after setting forth his skill as an artillerist and 
engineer, that he is also able to paint as well as anybody, to realize 
what an important part the cannon played in the development of 
the modern mind. It was in fact the power released by the 
explosion of the powder in the bore of the cannon which brought 
about and consolidated the substitution of the aristocratic, military 
monarchies of the modern epoch for feudal society. 


Steam 


A new advance in the conquest of molecular energy—and the first 
step in the conversion of this energy into work—was made when 
the idea of using as a motive agent the energy from heat, in the 
process of conversion of water into steam, was first born. 

It may be entertaining to pretend that the first steam engine was 
Hero of Alexandria’s aeolipile, or the pump invented by Salomon 
de Caus (1576-1626) or Denis Papin’s digester (1647-1714), but in 
fact the first industrial steam engine was produced, about 1770, by 
the ingenious James Watt. This marked the beginning of the 
industrial era. 

One example will convey an idea of the social revolution brought 
about, from the outset, by the introduction of the steam engine. 
In 1760 Arkwright invented his spinning frame. At that time, 5,200 
spinning-wheel operators, and 2,700 weavers, or a total of 7,900 
workers, were employed in the textile industry in England. In 
1774, the steam engine was sufficiently far advanced to make it 
possible to put Arkwright’s idea into practice and to set up the 
first mechanical weaving mill. In 1787, the English textile industry 
(according to a Parliamentary report) employed 320,000 workers. 

The books dealing with the industrial revolution of the nineteenth 
century would fill whole libraries, but the contemporary writers 
very seldom realized the prime function of the new source of 
energy in the growth of mechanization. J. B. Say gravely maintains 
that the steam engine was developed in England because coal was 
cheaper there than food, while the contrary was true of China.' 
John Stuart Mill writes that “it may be asked whether all the 
mechanical inventions hitherto brought out have lightened the 
daily burden of a single human being”, and Marx, quoting Mill, 
adds that the development of machinery has considerably in- 
creased the numbers of “privileged idlers”.® 


i. Say, J. B., Cours complet d’économie politique, 2nd edition, Hauman, Brussels, 1840, 
p. 132. 
2. Marx, Das Kapital. Band. 1. Dietz, Berlin, 1922, p. 310. 
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It would be out of place, in this context, to review and analyse 
the social repercussions of all the advances made in the use of 
steam, from Watt’s engine to the modern turbine. The most 
significant fact about the new productive power is that, in the 
course of a century, it made it possible to give hundreds of millions 
of men and women material advantages which had hitherto been 
confined to the privileged few. 

The volume of correspondence between England and France, 
which amounted to 110 letters a day, or 40,000 a year, in 1693, had 
risen to 13,500,000 in 1913. 

In 1790, seven places a day were available for the accommoda- 
tion of passengers in the stage-coaches from Paris to Lyon. That 
figure had risen to 16 in 1810, and 44 in 1850, to go up to 6,000 seats 
in railway trains in 1913. On busy days, the French railways may 
now carry over a million Parisians. 

We thus see that, once more, a revolution in our use of energy is 
accompanied by a no less far-reaching social revolution. The 
landed and military aristocracy of the eighteenth century yields 
first place to the middle-class industrial capitalists. The con- 
centration of industry due to the particular nature of the new 
motive power not only made possible the accumulation of great 
fortunes but also led more or less directly to a concentration of 
political power which brought the modern State into being out of 
the mosaic of monarchies and principalities which had come down 
from the seventeenth century. 

This change did not, however, come about smoothly, and it is 
interesting to see that, once again, as at the time of the Renaissance, 
the period of transition is marked by very violent social and mili- 
tary upheavals. From the French Revolution of 1789 to the 
Napoleonic Wars and the connected series of social disorders of 
1848, Europe underwent commotions on a scale comparable with 
that of the as yet ill-controlled streams of energy released by 
industry upon the world. 

At the same time, the methods of communicating thought made 
an extraordinary leap forward. Driven by the new motive power 
and fed with machine-made paper, the printing press, too, sought 
to keep up with the new pace of communication of thought. The 
steam-driven press appeared in 1814, and the rotary press in 1846. 
While, in 1845, the output of a press was 8,000 printed sheets an 
hour, in 1868 it was 18,000 sheets of two pages each, in 1900, 96,000 
sheets of 12 pages, and in 1928, 160,000 sheets of 32 pages. 


The Internal Combustion Engine 


At the end of the last century, when the steam engine was still by 
no means fully perfected, a new step forward was made in the 
mastery of molecular energy. 

Going back to one of Huyghens’s old experiments, men succeeded 
in harnessing for useful purposes the gases produced by the com- 
bustion or explosion of liquid fuels. Not only was the efficiency of 
these machines five times greater than that of the contemporary 
steam engine, but it was also found possible to produce small 
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separate portable motors capable of taking the place of muscular 
energy in almost every one of the uses to which it was put. By a 
fortunate chance, it happened that the waste products of the 
developing petroleum industry, petrol and gas oil, in which an 
amazing quantity of accessible energy was concentrated, were the 
ideal fuels for the two new types of engine. 

Just as steam had helped to bring about the concentration of 
industry, the internal combustion engine was conducive to de- 
centralization. It was mainly due to it that the country districts, 
where a good half of the active population lived, were drawn into 
the process of industrialization. 

It would obviously be incorrect to attribute all the progress 
achieved in the last 70 years to the internal combustion engine, for 
under the impulse of competition the steam engine also continued 
to develop. But in revolutionizing transport and agriculture, the 
internal combustion engine profoundly influenced the course of 
industrialization. While, in 1860, each of the 31,000,000 inhabitants 
of the United States of America commanded the equivalent of 0.2 
tons of coal, by 1947 the corresponding figure for 144,000,000 in- 
habitants has risen to 8.3 tons, nearly half of which was derived 
from petroleum and natural gas. 

It is disturbing to see that, yet again, this new advance in the 
control of sources of energy is accompanied by military and social 
upheavals comparable in scale with the magnitude of the new 
power supply. From 1914 to 1945 the whole world was shaken and 
thrown into confusion by an almost uninterrupted series of wars 
and revolutions. 

Between our social structure, our outlook, our very ideas, and 
those of 1900, there is a gulf as deep as that which divides the 
Renaissance from the Middle Ages. But now already we have en- 
tered on a new phase—the age of nuclear energy—although the 
age of petroleum has not yet had time for consolidation. Before we 
go on, however, it may be well to tabulate, in summary form, the 
stages in the use of energy through which mankind has passed, 
from the intentional use of fire to the atomic bomb. 


SUMMARY TABLE OF THE SOCIAL REPERCUSSIONS OF THE CONQUEST OF 
ENERGY 


Muscular Energy 


Type 1. Systematic organization of armies of slaves (from the 
earliest days of man to modern times). 
Social consequences. Rise of all the great civilizations and 
empires of ancient times and of the colonial empires from the 
fifteenth to the nineteenth century. 

Type 2. Organization of large herds of draft animals and beasts of 
burden (from the earliest times to the present day). 
Social consequences. Raising of the social standard by the 
elimination of porterage and the reduction of irksome toil. 
Contribution towards the abolition of slavery. Wars and 
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establishment of military hegemony whenever a community en- 
joys a military advantage due to the possession of cavalry or 
elephants. 


Mechanical Energy (of wind and water) 


Type 1. River, sea and air currents (from the earliest days of man 
to modern times). 
Social consequences. Distribution of the first settlements and 
determination of channels of international trade up to the 
nineteenth century. 

Type 2. Wind and water mills (from the Middle Ages to the 
present day). 
Social consequences. Contribution towards the abolition of 
slavery. Local establishment of centres of industry. Rise in the 
standard of living. 


Molecular Energy 


Stage 1. Fire (from the earliest days of man to modern times). 
Social consequences. Dawn of conscious thought. Homo sa- 
piens. Establishment of hearth and home. Expansion north- 
wards and survival through Ice Ages. Possibility of life in caves. 
Raising of the standard of living by the introduction of heating, 
lighting and cooking. 

Stage 2. Gunpowder. Development of artillery (from the fifteenth 


century to the present day). 
Social development. End of medieval feudalism and _ transi- 
tion to the military monarchies of modern ‘times—the Renais- 
sance—the conquest of colonial empires. 

Stage 3. The steam engine (from the end of the eighteenth century 
to the present day). 
Social development. The industrial age. Decline of the aristo- 
cratic military monarchies. Rise of the capitalist middle-class 
States of the nineteenth century. Growth of nationalism. Class 
distinctions. Concentration of industry. Railways. Steamships. 
Introduction of electricity. Social disturbances leading to the 
revolutions of 1848. 

Stage 4. Internal combustion engine (second stage of industrializa- 
tion, from the end of the nineteenth century). 
Social development. Decentralization of industry thanks to 
the separate engine. Motor cars. Aeroplanes. Decline of liberal 
capitalism due to the increasing pace of industrialization. First 
and second world wars. 

Stage 5. Nuclear energy (1945). Beginning of the scientific era. 
Premonitory signs of social development. The idea of supra- 
national solidarity. Team work. Cold wars. 

















CONCLUSIONS 


Side by side with the slow and more or less continuous develop- 
ment of the methods of transformation and of the art of exploiting 
to the best advantage the muscular and mechanical energy offered 
by nature for our use, the human race has thus passed through 
five clearly defined major stages in the mastery of the internal 
energies of matter. One by one, man has learnt to control fire, the 
combustion of powder, the expansion of steam, that of combustion 
gases and, finally, the energy produced by atomic fission. 

Each one of these stages has coincided with a profound trans- 
formation of the whole structure of society. Admittedly, the 
various causes operative in history are so closely bound up 
together that we cannot contend that, in each of these cases, the 
sole and direct cause of the transformation or evolution we have 
seen is the advance made in the use of energy. Yet when we 
examine the question more closely, we almost invariably find that 
the event in question would not have been possible without such 
advance. But for the cannon, the feudal castles could not have been 
demolished. But for the gun, the Conquistadores could not have 
conquered America. But for the steam engine, there would have 
been no Industrial Age, and, but for the internal combustion 
engine, we should not be living in the Oil Age. 

It is to be noted, moreover, that, at the outset, each forward step 
in the art of using natural forces worked to the advantage of the 
forms of machinery which were in time to be supplanted by the 
new development. In the last century, the increased capacity of 
steam-powered factories and shipyards made it possible to build 
more sailing ships and stage-coaches than ever before, until 
steamers and railway coaches came to be made; competition from 
the motor car and the aeroplane drove the railways to improve 
their equipment, and so forth. Now, when nuclear energy has 
entered on the scene, the Oil Age is still far from having reached 
the height of its development. We may therefore expect, with no 
great risk of error, that in the coming years we shall witness a con- 
siderable development of the internal combustion engine and of 
gas and liquid fuels. 

We also find, however, that each of the stages traversed re- 
presents, quantitatively, a change of scale. The output of light 
and heat from the torch and the wood-fire was woefully small. 
The explosion of gunpowder in the bore of a cannon released 
some 800 calories per kilogram, but its efficiency was extremely 
low. Coal indeed released 7,000 calories per kilogram, but the 
machinery used was so inefficient that, even 20 years ago, barely 
2 per cent of the thermal energy spent in the fire-box of a loco- 
motive actually served for the transport of passengers or goods. 
Today, 20 to 25 per cent of the 10,000 calories released by one 
kilogram of fuel oil, and of the 12,000 calories by a kilogram of 
petrol, is generally transformed into effective work. Even these 
differences, however, are negligible in comparison with the dif- 
ference between the concentration of molecular energy and that 
of nuclear energy, although so far we have succeeded in using, 
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in either the atomic bomb or the atomic pile, only a minute portion 
of the energy which would be released by the total destruction of 
matter. There are thus still one or more stages to be completed 
before we pass from the harnessing of the energy resulting from 
the fission of certain radio-active elements, on which we are now 
engaged, to the release of the full potential energy of the atom. 
But the relationship between the quantities of energy which may 
be released, per gram, from uranium 235 and from petrol is ex- 
pressed in millions. 

It is admittedly difficult and often impossible to deduce the 
influence of natural phenomena when a change of scale takes 
place. It is already apparent, however, that qualitatively this 
influence is hardly less than that of the introduction of gunpowder 
at the end of the Middle Ages. As has already been remarked else- 
where,' the atomic bomb ushers in the scientific era, just as the 
steam engine marked the opening of the Industrial Age, and gun- 
powder that of the era of rational thought. 

Countless and somewhat disturbing parallels may be drawn. At 
the close of the Middle Ages, at the close of the eighteenth and at 
the close of the nineteenth century, thought was setting into a 
mould of increasingly sterile classicism. A shock was needed to 
provide a way out of the impasse. Humanism swept away 
Scholasticism, thermodynamics made a clean sweep of the fum- 
bling quibbles of pre-industrial physics, and atomic science comes 
in time to release the mechanistic thought of the nineteenth century 
from the blind alley into which it has wandered. Did not some 
pundit of mechanics in one of the German universities remark 
solemnly, towards the end of the century, that he pitied future 
generations of scientists who, with nothing left to discover, would 
have to content themselves with modest and minor improvements? 
Today we find that, as we have learnt little so far, we have to 
investigate the whole field of study anew. 

It is clear, in any case, that, to date, the basic factors entering 
into the average social standards of any group of people—their 
material comfort, their ability to defend themselves and the power 
of their creative thought—have been determined at every stage of 
evolution by the form and quantity of energy the group could 
command. 

Today, not only aeroplanes, but buildings and propelling pencils 
are stream-lined. Things first designed for utility by engineers are 
now accepted for beauty by the man-in-the-street. And this same 
man-in-the-street is now familiar in his daily life with the idea of 
the relativity of material things which was first advanced by Eins- 
tein 46 years ago and, which, it may be said, met with an almost 
universal lack of comprehension. 

Assuming that human society follows the normal course of 
development, we may therefore foresee: 

1. That the development and improvement of existing methods 
of harnessing and employing energy will continue for some 


1. Friedwald, E. M., Man’s Last Choice. Heinemann, London, 1948. Viking Press, New York, 
1948. 
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decades. The internal combustion engine, the jet engine and 
the gas turbine are still capable of many improvements and 
it is to be hoped that efforts will be made to secure greater 
efficiency instead of increasing the consumption of fuels. 

. That the premature birth of the nuclear age in the atmosphere 
of a forcing house must inevitably disturb the normal course 
of our evolution; we are already beginning to feel the painful 
effects of this disturbance, while still unable to foresee its 
extent. It is our feeling, in any case, that the nuclear age will 
be an age of scientific activity and of team work. The dominant 
skill and initiative which the soldier first lost to the financier, 
and he in turn to the engineer, are now being regained by the 
scientist. The research department is already being menaced 
and even ousted by the laboratory. 

Finally, we can expect a new social order to develop out of this 
new conquest in the use of energy. But it is to be feared, from the 
examples of the past, that the birth of this new order will be 
particularly difficult. 

There is no doubt, at all events, that none of the political, social 
and economic ideas of the moment will fit into that new order, for 
all of them—we speak advisedly—are deeply rooted in the past 
of the industrial age. Few of them, in fact, even take account of 
the lessons which have emerged since the development of the 
internal combustion engine; most social theories date back to the 
classic model steam engine of 1860. Our financial systems, our 
laws, our social and political organization are a jumble of legacies 
adapted with varying degrees of inefficiency to present-day re- 
quirements. 

The new order will be to our present social organization what 
statistical mechanics and modern physics are to classical 
mechanics. 

Moreover, just as the cannon was largely instrumental in build- 
ing the modern State, and as steam helped to develop the nation, 
it is possible that nuclear energy may, in the long run, weld the 
associated families of nations into supra-national groups. 

There are signs that this process will be difficult and painful. 
Havoc will be avoided, or at least limited, only if the leaders of 
our time realize at last that there can be no question of imprison- 
ing mankind once more in the slough it has cast. The revolution 
in our existing values is so tremendous that no one today can 
predict the social structure of the future. All we can say is that it 
will be different from that of the past. Theorists and fanatics must 
at length make a clean sweep of their prejudices. The whole world 
has now become a vasi laboratory. But the scientist in his own 
laboratory knows always that he has still everything to learn. And 
when those who control our fate have learnt the same lesson, they 
will have some chance of sparing humanity the trials which lurk 
in its path but which can nevertheless be avoided. 











SCIENCE AND FOREIGN POLICY 


by 


E. M. FRIEDWALD 


The conduct of foreign affairs has always been a traditional pre- 
serve of conservatism. But science is not conservative. This perhaps 
explains in some measure why science, which has lately infiltrated 
into so many spheres of government activity,! has made so little 
headway in penetrating into the field of foreign affairs. Few are 
the embassies and legations which do not have their military, 
naval, air, commercial, and press attachés; but science attachés 
of a comparable status could until recently be counted on the 
fingers of one hand. Nor is there at the centres of diplomatic 
activity any appropriate organization capable of giving competent 
advice on matters of science and technology which have a bearing 
upon the formulation and the conduct of foreign policy. With the 
single—and recent—exception of the U.S. Department of State, 
which established its own Science Office in the middle of 1950, no 
Ministry of Foreign Affairs has thought it worth while to create a 
Science Department whose sole function would be to interpret the 
significance and implications of science and technology as they 
relate to foreign affairs. 

Yet it should be said that, while the vital importance of science 
for national defence was made abundantly clear by the last two 
world wars, while the key role of science in raising the level of 
economic prosperity and the standard of living has been amply 
demonstrated by the last 50 years of American history—no nation 
is more science-conscious than the U.S.A.—the part that science 
could play in the conduct of foreign relations is not so immediately 
obvious. It is true it has been said often enough that science is the 
most international of intellectual activities, and that therefore 
anything which promotes international scientific co-operation and 
the spread of science contributes ipso facto to a better under- 
standing between nations. The importance of this contribution 
should not however be overrated. Indeed, the student of politics 
may point out with some reason that it is not so much inter- 
national scientific co-operation which influences the relations be- 
tween nations, as the relations between nations which condition 
international scientific co-operation; that it is not the obstacles to 
free scientific intercourse between nations which have created 
political tensions, but political tensions between nations which 
have created obstacles to the free flow of scientific information 
and to international scientific co-operation. Indeed, if the main 


4. When Mr. Churchill formed his second government, in November 1951, he appointed as 
Paymaster-General Lord Cherwell, a distinguished British physicist who was formerly 
Professor Lindemann, with special responsibility for atomic energy research and develop- 
ment. It is significant that the post was deemed to be importani enough to give its 
holder a seat in the Cabinet. 
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argument for the integration of science into the sphere of foreign 
policy were to be based on the rather vague claim that science 
promotes international understanding, it would not carry very 
much weight with statesmen and political leaders. There are, how- 
ever, more cogent and concrete reasons to justify that integration. 

Before going any further, it should be made clear what is meant 
here by “science”. The term is limited to the natural sciences, i.e. 
mathematics, astronomy, physics, chemistry, biology, and their 
applications. It therefore embraces technology, engineering, 
medicine, and all branches of applied science. 


Il 


Now one of the more remarkable features of science, when it is 
thus circumscribed, is the great prestige which it enjoys in the 
world of today, a prestige which to some extent it has gained at 
the expense of literature, humanities and the arts. In fact, this 
evolution has been taking place for nearly a century and a half, 
ever since science began to produce its spectacular material 
achievements at the end of the eighteenth and the beginning of 
the nineteenth centuries. Saint-Simon, who had an uncanny pre- 
science of the history of the next hundred years, sized up this 
evolution remarkably well when he wrote in 1813: 

“Such is the difference between the ancient order of things and 
the new one, between the state which existed . . . even 30 years 
ago and that of today that while in those still recent times, if one 
wanted to know whether a person had received a distinguished 
education, one asked: ‘Does he know his Greek and Latin authors 
well?’, today one asks: ‘Is he good at mathematics? Is he familiar 
with the achievements of physics, of chemistry, of natural history, 
in a word, of the positive sciences and those of observation?’ ” ' 

What was true then of science in relation to individuals is even 
more true today in relation to nations. Science has become an 
unequalled source of intellectual prestige for a nation, mainly 
because its material benefits are so tangible and apparent. Now it 
is hardly necessary to emphasize the importance of national 
prestige as an instrument of foreign policy. It is one of those 
imponderables of politics which, though it does not lend itself to 
precise assessment, nevertheless exerts a profound influence on 
the relations between nations, and often defeats political judg- 
ments based on objective facts. Countries like France, Britain, 
Germany, and the U.S.A. have exercised a great deal of political 
influence through their intellectual and cultural prestige, not least 
through that resulting from their scientific achievements. German 
scholarship, particularly in science, was the admiration of the 
world—and the source of much pro-German sentiment—during 


14. Henri de Saint-Simon, “Mémoire sur la science de homme”, in (uvres de Saint- 
Simon et d’Enfantin, Paris, 1877-78, Vol. XL, p. 16. 
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the 50 years preceding the advent to power of Nazism; just as 
American technology is to-day the admiration of the world, and 
the prompter of much pro-American feeling; and when Madame 
Curie visited the U.S.A. soon after the first world war it was said 
with some reason that France never seni a better ambassador to 
the New World. But it is clear that the potentialities of scientific 
prestige as an aid to foreign policy have so far barely been tapped. 
Yet intellectual prestige is a far more effective means of exercising 
political influence than a show of military force or the despatch 
of a gunboat—at least in the long run. 

There could hardly be a better way of building up this prestige 
than by giving scientific and technical assistance to countries which 
are in need of it. But the prestige value is only one, and perhaps 
not the main, object of scientific and technical assistance. Science 
and technology are still the virtual monopoly of barely one-quarter 
of mankind. Any attempt at raising the standard of living of the 
remaining three-quarters—which is, or ought to be, the aim of 
any enlightened foreign policy—must begin by establishing solid 
foundations of science and technology in the areas where they 
have not yet gained a firm foothold. Scientific and technical as- 
sistance has, of course, been for some time past an important 
feature of the relations between nations. It is a basic element in 
President Truman’s Point Four Programme for the material im- 
provement of under-developed areas; and it must also be the 
starting point of the Colombo Plan for developing the resources 
of the British Commonwealth in South and South-East Asia. But 
it has also been an important element in the economic and military 
aid which the United States has been giving to the highly-developed 
nations of Europe. 

In fact, scientific and technical assistance is likely to become a 
major element in international relations, and a powerful instru- 
ment for promoting goodwill between nations. It may be that the 
most politic way of dispensing this assistance is to channel it 
through an international organization. But it would be foolish 
to ignore the overwhelmingly large part which the United States 
must needs play in any such scheme; without American help no 
programme of technical assistance on any large scale could be- 
come a practical possibility, at least not in a future which is within 
the range of practical politics. Nor would it be wise to expect that 
scientific and technical assistance, or even the much broader 
economic help of which it is an integral part, could overnight 
revolutionize the relations between nations. Technical assistance 
can achieve much where political obstacles do not prevent its 
acceptance. But it is very unlikely that the proferring of help, 
economic or technical, could sweep away major political anta- 
gonisms where these exist. Unfortunately, the time does not yet 
seem near when economic help and technical assistance can be- 
come the essence of all foreign policy. 

However, the réle of science is not limited to the part it can 
play in the execution of foreign policy. Perhaps even more im- 
portant is the function of science in its actual formulation. 
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Foreign policy is the product of many complex and disparate 
factors, both objective and subjective. Historical tradition and geo- 
graphical facts, inherited prejudice and economic necessities, 
national aspirations and strategic realities, ideological longings 
and material possibilities, all these and many other considerations 
go to the making “f a foreign policy. But none of these factors 
remain constant. Historical traditions and prejudices and national 
aspirations mould themselves to changing political conditions; 
ideologies rise and fall on the tide of social and economic con- 
ditions and political opportunities. And the more objective 
foundations of foreign policy are constantly reshaped by the pro- 
gress of science and technology. New scientific discoveries and 
their technological applications have the power to change com- 
pletely the political and strategic meaning of geography, to remove 
economic limitations, and, by creating new methods of warfare, 
to revolutionize the foreign policy aspect of national defence. 
This, of course, is not a new phenomenon. Throughout history 
the progress of science and technology has been reshaping the geo- 
graphical, economic and military premisses of foreign policy. But 
in the past this progress was so slow that it left ample time for 
political and strategic thinking to adjust itself to the new condi- 
tions. A century and a half elapsed between the introduction of 
gunpowder into Europe and the emergence of the cannon as the 
dominant weapon at the siege of Constantinople. The period of 
adaptation of firearms lasted another two centuries, until the end 
of the Thirty Years War. Two generations elapsed between the 
invention of the modern steam engine in the 1770’s and the opening 
of the first railway, between Liverpool and Manchester, in 1830. 
Two more generations were to run their course before the world’s 
network of railways was sufficiently developed to acquire its full 
strategic and political meaning. It took almost as long before 
steamships began to change world transport fundamentally. 
But since the end of the nineteenth century the pace of scientific 
progress has been growing ever faster. The time-lag between 
scientific discovery and its large-scale technological application 
has tended to become ever smaller. As a consequence, strategic 
and political thinking, which by tradition leans towards con- 
servatism, has found it increasingly difficult to keep pace with the 
changes brought about by the march of science. The invention of 
the submarine obviously meant a revolution in naval strategy— 
and therefore a revolution in British foreign policy, for it signified 
the end of England’s splendid isolation. Yet when unrestricted 
submarine warfare was let loose in 1916, fully 30 years after the 
construction of the first experimental submarine, it found the 
Admiralty as unprepared to cope with it as the Foreign Office had 
earlier been to take account of the potentialities of this invention 
in planning its foreign policy. Nor was any heed paid to the dis- 
covery of the synthesis of ammonia by the German chemist Haber 
in the early years of the twentieth century, a discovery pregnant 
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with strategic and diplomatic consequences. It took Germany less 
than 10 years to exploit this discovery for the large-scale pro- 
duction of the nitrates indispensable for the manufacture of 
explosives. Without it, Germany, cut off from the Chile nitrates 
by the Allied blockade, would have had to capitulate as early as 
1915—with all that such an early end to the war would have meant 
to the world. 

Indeed, there is no lack of recent examples to show how futile 
it can be to plan foreign policy without taking into account the 
scientific and technological developments that bear upon it. The 
“oil diplomacy” of the 1920’s provides perhaps as good an illustra- 
tion of this as any. As a result of the 1914-18 war, petroleum be- 
came a raw material of the greatest strategic importance, and as 
the known resources of petroleum seemed at that time to be very 
limited, there sprang up a rivalry between the great powers for 
the possession and control of them. In fact, the rivalry was so 
fierce that it became known as “the oil war”. It is certain that the 
struggle for oil to a large extent influenced the foreign policies of 
the great powers for nearly 10 years. Suddenly, towards the end 
of the 1920’s, oil diplomacy abated even more quickly than it had 
arisen. The scarcity of oil had unexpectedly given way to some- 
thing in the nature of a glut. But this change was due almost 
entirely to the progress of science and technology. New geophysical 
methods of prospecting enabled the range of oil-bearing ter- 
ritories to be greatly extended at a cost far below that of previous 
haphazard methods. Through improvements in the techniques of 
production, oilfields were also greatly extended in depth, and many 
wells which had hitherto been considered exhausted were given a 
new lease of life. Thanks to new methods of refining, hydrogenation 
in particular, the chemical treatment of crude oil became a much 
more rational process, making possible immense savings of oil. 
Finally, the practical demonstration by the Germans of the syn- 
thesis of petroleum from coal had a profound psychological 
effect in allaying the fears of great powers deficient in oil but rich 
in coal. 

Now the scientific and technological facts which were at the 
base of these new techniques did not appear simultaneously over- 
night. They were well known to specialists when oil diplomacy 
was in full swing. Any competent team of geologists, mining tech- 
nologists and chemists specifically charged with the study of the 
oil problem could have foretold that technological developments 
based on existing knowledge were likely to lead to an expansion 
of the world’s oil resources. But neither the Department of State, 
nor the Quai d’Orsay, nor the Foreign Office had at their disposal 
the advice of a competent scientific body; nor did they seek such 
advice. 

Similar developments, though with less important political re- 
percussions, can be seen in the case of rubber. The virtual mono- 
poly which Holland and Britain held in rubber was the source of 
many political frictions, particularly with the United States—by 
far the largest consumer. But the discovery of processes for the 
production of synthetic rubber, or rather their application on a 
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large scale during the second world war, took the political sting 
out of the rubber question. 

Examples like these, showing the economic or politico-strategic 
implications of science and technology from the standpoint of 
foreign relations, could be multiplied indefinitely. This influence 
is not something new; it has manifested itself ever since science 
became a dominant force in our civilization. What is new is the 
pace of this progress. What formerly took a century or more, now 
takes only five or 10 years. And diplomatic thought, which has 
always had the tendency to lag behind the times, now finds it 
impossible to cope with the continuous and rapid changes brought 
about by the progress of science. Only six years elapsed between 
the fundamental discovery of nuclear fission and the epoch-making 
explosion of Hiroshima. And all the available evidence goes to 
show that the advent of the atomic age found the makers of foreign 
policy totally unprepared for the revolutionary change in foreign 
relations thus created. It was only after the event that the idea 
of international control of atomic energy was born. And it was 
this major concept of foreign policy which, perhaps more than 
anything else, brought home the realization that the formulation 
of foreign policy could no longer ignore the need for scientific 
counsel and judgment. For the whole idea of international control 
of atomic energy could have no practical meaning until it had 
been shown to be technically feasible. It was only when scientists 
—first a panel of consultants for the U.S. Department of State, then 
the Scientific and Technical Committee of the Atomic Energy 
Commission of the United Nations—had decided that-control was 
technologically feasible that statesmen and diplomats could ap- 
proach the problem from the political angle. 

However, the procedure of seeking scientific and technical advice 
from external bodies, or from panels and working parties con- 
stituted ad hoc as the need arises, is no longer adequate to meet 
the new situation created by science and technology. Foreign 
policy must take account not only of the actual achievements but 
also of the likely developments of science and technology which 
may bear on its problems. It is not enough to know the political 
consequences of atomic energy in its present stage of development; 
it is no less important to assess the likely consequences of new 
scientific developments which can already be visualized in this 
field. For any significant change in the military, strategic or 
economic implications of atomic energy must needs affect pro- 
foundly the planning of foreign policy. The department charged 
with this planning requires the constant assistance of a competent 
scientific organization working within the department and capable 
of interpreting the facts and trends of science and technology from 
the standpoint of foreign policy, of upholding scientific prestige 
abroad, and of carrying out the policy of scientific and technical 
assistance within the framework of foreign policy. This obviously 
calls for a science office at the centre, supported by science mis- 
sions abroad. 
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IV 


The idea of having science attachés at embassies and legations is 
not altogether new; the British sociologist Graham Wallas first put 
forward this idea some years before his death in 1932. And it was 
Great Britain, together with the countries of the Commonwealth, 
which were the first to establish scientific attachés, first between 
themselves, and later with some foreign countries, notably the 
U.S.A., during the war. Other countries which at present maintain 
some sort of scientific or technical representation abroad are the 
U.S.A., the Netherlands, Sweden, Norway and Denmark. In recent 
years, foreign scientific relations have been developed on a dif- 
ferent plane, as part of the programme of the Specialized Agencies 
of the United Nations, and also of the Organization for European 
Economic Co-operation. 

It is significant, however, that most of these science missions 
abroad are not integrated into their Foreign Offices. The British 
science attachés, for instance, are an offshoot of the Department 
of Scientific and Industrial Research. Some American science mis- 
sions abroad are responsible to the Office of Naval Research; none 
of them except the one in London were until recently under the 
authority of the Department of State. It is only in the last few 
months that, following the establishment of its Science Office, the 
Department of State has appointed a few science attachés to serve 
in Great Britain, Scandinavia and the Continent. In fact, until 
lately, these missions have been primarily concerned with foreign 
scientific relations, and not with foreign relations tout court. Apart 
from upholding in some measure the scientific prestige of their 
respective countries, they have taken little or no part in activities 
relating to the formulation and conduct of foreign policy, 
although, at least in the British view, the main task of science 
attachés is that of assessing the political and economic importance 
of scientific trends in industry and raw materials. In other words, 
the kind of trained representation which nations maintain abroad 
for military, economic and press affairs has been lacking in the 
field of science. 

There are however signs that efforts are being made, particularly 
in the United States, to remedy this deficiency. The Department of 
State appointed a special consultant to study the problem of 
science and foreign relations, and, on the recommandation of his 
report,' established its own Science Office. According to the report, 
the function of this office should be to stimulate the flow of in- 
formation and the exchange of persons, to maintain liaison with 
domestic scientific activities, to review and advise on policy and 
administrative decisions as they relate to or affect science and 
technology, to evaluate the effectiveness of programmes and policy 
in the light of the progress and potentialities of science and techno- 
logy, to collaborate with foreign scientific missions in the U.S.A., 


i. An analysis of this report, which is known as the Berkner Report, will be found in the 
Review section of this issue. 
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and finally, to direct and co-ordinate the operations of U.S. 
scientific missions abroad. The réle of these missions would be to 
report on significant trends and developments in foreign science, 
to collect and transmit foreign scientific and technical information, 
to act as science advisers to the embassy or legation to which they 
are accredited, to represent and maintain the interests and the 
prestige of American science abroad, and, in general, to carry 
out, on the scientific and technological plane, the foreign policy 
of the United States. It is obvious that_an organization broadly 
conceived on these lines might usefully serve as a pattern for other 
nations. 

Perhaps the main problem raised by the setting up of a scientific 
foreign service—a problem which the Department of State report 
does not altogether ignore—is the difficulty of finding suitable 
scientific personnel to discharge these difficult functions. For, at 
the higher level, these duties call for widely-differing qualities 
which are rarely found combined in one and the same person: 
excellent all-round scientific ability, a good sense of economics 
and strategy, and sound political judgment. In fact, the task calls 
for a corps of scientists-diplomatists which our age of specializa- 
tion only produces as an exception. However, it would not be too 
difficult to point to a few men who fulfil all these conditions, and 
the obstacle should not prove insuperable. 

Then there is the question of the length of tenure. It may be 
contended that a scientist separated from the practice of his pro- 
fession for too long tends to lose his scientific qualifications. This 
would be a strong argument in favour of temporary appointments 
and frequent changes of personnel at the higher level. But such 
an arrangement would not ensure the continuity and experience 
which are obviously desirable in this field. However, this difficulty 
should not be exaggerated. A scientist separated from the active 
practice of his profession need not lose either his scientific quali- 
fications, nor his scientific judgment. He can—indeed, in the case 
of a scientific adviser to makers of foreign policy he must—keep 
himself constantly informed about new developments in science 
and technology. It is not necessary, nor perhaps even desirable, 
that he be a scientific genius, for scientific geniuses have as a rule 
little worldly knowledge. In any case, a genius would be more 
profitably employed in his own narrower field. Moreover, a science 
office at policy-making level could never hope to be self-sufficient 
in scientific knowledge. It would have to depend to a considerable 
extent on the specialized knowledge of outsiders, whether in- 
dividual scientists or scientific organizations. Its main task would 
be to select rapidly and accurately, and to obtain, the type of as- 
sistance required. 

In fact, the main obstacles to the integration of science and 
technology into the formulation and execution of foreign policy 
are not technical in character but rather of a psychological nature. 
Political and strategic thought has always been dominated by 
geographical considerations; and statesmen and chiefs of staff 
find it difficult to realize that, in the age of science, geography has 
lost much of its meaning; that geography as a fundamental factor 
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in world politics has to a large extent been superseded by science 
and technology; that geopolitics has given way to what may 
perhaps best be called “technopolitics”. This is the basic reality 
which neither makers of foreign policy, nor planners of defence 
policy, can any longer afford to ignore. 


SCIENCE, TECHNOLOGY AND LEISURE 
by 


PIERRE DUCASSE 


The association of the terms “science” and “leisure” may seem 
paradoxical—does it not amount to setting the most austere, the 
most difficult, the most solemn of all man’s creations in the eternal 
sphere of the mind beside the most inconsequent, capricious, facile 
and, indeed, frivolous of individual whims in the transient course 
of life? In reality, as we shall show, science and leisure have been 
linked throughout the whole history of man; they are bound 
together by unexpected psychological affinities. In the social 
history of the intellect the relationship between them has so deep 
a significance that it may very well serve as a distinguishing mark 
to indicate the style of the various periods in the life of mankind. 


THE TREE OF KNOWLEDGE AND THE PROBLEM OF EVIL 


The association which we find in the Book of Genesis between 
knowledge and suffering sets us a first riddle. A mysterious 
connexion is in fact established between science born of leisure 
and its apparent fruit in condemning man to labour in sorrow. To 
understand the full import of the prophecy, it is not enough to 
interpret the need for man to win his bread in the sweat of his 
brown as the effect of a primal curse: we must realize how know- 
ledge, by its very progress, was to make the technical circum- 
stances of humanity harder. It will then be all the more surprising 
that, at a later stage, that same knowledge transfigures labour and 
represents a sort of redemption in human life—development 
which we can already see taking place at the present day, albeit 
only sporadically and, as it were, piecemeal. 

Historically speaking, science originates, in every instance, in the 
fruit of the leisure enjoyed by individuals in a hard-working 
community. 

In the view of many historians, the development of science 
would be incomprehensible, considered apart from the demands 
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of practical life! The technical starting point of knowledge is 
undoubtedly connected with the system of production and with 
the organization of labour; nevertheless, psychologically speaking, 
the prerequisite for the emergence of a truly scientific attitude is 
the enjoyment of a certain amount of leisure by privileged in- 
dividuals or classes. In actual fact, philosophy was first born in 
prosperous communities where the conditions of life made pos- 
sible the free activity of independent intellectual “schools”. 

The historical circumstances linking the genesis of Greek science 
with the growth of leisure in the city of Miletus are deeply 
significant in this respect. Even so, it was essential that this leisure 
should not be too sharply divorced from the general pursuits 
of a mercantile society; it was not to be regarded as an in- 
comprehensible and, as it were, transcendent privilege. The figure 
of Thales of Miletus, though possibly legendary rather than 
historical, symbolizes well the part which an exceptionally intel- 
ligent man might thus play in the economic and, indeed, technical 
activities of his time. The history of the first monopoly in oil 
presses is instructive in this respect.? More specifically technical 
achievements are also, incidentally, attributed to Thales. 

The scientific spirit thus makes its appearance in Greece in an 
atmosphere of practical activity which nevertheless made al- 
lowance for a certain amount of leisure; this has a very close 
bearing on the humanistic ideal of a liberal balance between the 
various human faculties. The miracle of Greece is not only the 
miracle of the dawn of rational thought but also the triumph of 
a way of life. The Egyptian way of life, which was much closer to 
the economic constraints of standardized production, stands in 
sharp contrast, representing the first conception of a technical 
civilization in opposition to the idea of disinterested science.® 

Plato, in the Menon, makes a young slave work out a geometrical 
proof for himself. This episode has a deep symbolic significance: 
the training of the slave mentality to appreciate the truth and 
beauty of science—a task beyond the scope of Greek thought—has 
been bequeathed to our civilizations as their highest duty. 


THE BALANCE BETWEEN SCIENCE AND LEISURE 


Throughout the Middle Ages and the beginning of the modern 
era, the scientific attitude gradually underwent transformation. It 
became the ideal of more and more sociai classes and was applied 
to ever more extensive sectors of knowledge. This tremendous 
scientific growth was brought about, in the first place, at the 
apparent expense of leisure. 


. Abel Rey: La science orientale avant les Grecs, pp. 468-69 (see bibliography). 

2. There was a legend that Thales, having foreseen in the winter that there would be an 
exceptionally large olive crop, formed the oil presses into a “combine” by hiring them 
at a low rate in advance; he then made a considerable profit by subletting them 
advantageously in due course to owners of olive-yards who were finding it difficult to 
deal with their crop. Cf. Robin, La pensée grecque, p. 44 (see bibliography). 

. Id., p. 40. 
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The ascent of the Western intellect to a rational conception of 
the world was, at the outset, accompanied by a complete reversal 
of traditional values; labour and technical pursuits tended to 
supplant the ideal of leisure and contemplation in every field. 
Mr. Maxime Schuhl has demonstrated this with particular effect in 
his book on Machinisme et philosophie (Mechanization and Philo- 
sophy). The Encyclopaedist movement marks the culmination of 
this rise in the prestige of technical values and the relative dis- 
repute of the values of leisure. The apparent victor was science, 
but science still demanded great leisure for its development.' 

In this connexion we need only call to mind the habits of life of 
such a thinker as Descartes, whose ideas gave birth to the whole 
scientific and philosophic movement of modern times and who 
may be described as a man of leisure, but of leisure intelligently 
organized. Instead of an antagonism between leisure and science, 
therefore, the modern mind established a sort of empirical balance 
between the leisure required for the development of culture, and 
the equality and efficiency in labour necessitated by the advent 
of industrial civilization. 

This balance was, in fact, purely empirical and therefore dif- 
ficult to maintain in face of the advances of reason. It had no 
systematic foundation in the organization of labour, no social 
foundation in the division of functions, no moral foundation in 
the vindication of leisure. It was this lack of moral justification 
(impossibilité morale) for science as a consumer of leisure which 
struck Jean-Jacques Rousseau and which led him into a fanatical 
but profoundly logical diatribe against it. 

Rousseau proscribes all leisure, including that of the scientist. 
The form in which this condemnation gives most food for thought 
is to be found in the argument in which Rousseau engaged with 
Bordes after the publication of the Discours sur les sciences et les 
arts.* 

Viewed from this standpoint, scientific activity and, indeed, any 
form of civilized activity in general, that is to say, any highly 
technical form, implied, as its basis, an unjustifiable measure of 
idleness, an unwarrantable misappropriation of the time which 
it is our duty to devote to the good of our fellow men. In point of 
fact, this apparent paradox conceals the deep interdependence of 
sound work and true leisure. Modern science and technology were 
to make of this paradox the keystone of industrial civilization, but 
only after much suffering and a long period of adaptation. 

From 1750 onwards, as Rousseau with his painful sensitivity 
had foreseen, science first appeared to encroach cruelly on the 
narrow margin of true leisure for which the circumstances of 
human life still seemed to allow. 

At this point, the ancient mystery of the primal curse on man is 
seen in a new light; the root of man’s greatest suffering as human 
labour develops on earth is not only physical effort—the sweat 


1. It also demanded, at the very beginning, remarkable biological luck (in view of the rate 
of mortality) and, in the less hospitable countries, very great strength of character. 
cf. Fourastié: Machinisme et bien-étre, p. 204 (see bibliography). 

2. Cf. P. Ducassé: Paradore du loisir (see bibliography). 








of his brow—but, since science has established its dominion, the 
narrow restriction of his freedom in time. 


SCIENCE IN OPPOSITION TO LEISURE 


Recent historians of technology agree in noting that the first effects 
of the industrial revolution resulting from the development of 
science since the end of the seventeenth century, were to bring 
about, among other serious disturbances in the balance of human 
life, an acute crisis in the use of time. Once the use of machinery 
was sufficiently developed, it led to an extreme form of that 
“mechanization” and “regimentation” of time which was a latent 
product of the scientific standardization of our social life. The 
development foreshadowed by the clock since the eighteenth 
century, was finally consummated for all to see by the introduc- 
tion of mathematics into technology, which led to the need for 
an extremely rigid and stringent time-table in both working and 
leisure hours. 

This upheaval came about at the time of the first real expansion 
of the use of the major mechanical processes in the Western world 
(nineteenth century), during the “palaeotechnic age”, as Mr. Lewis 
Mumford, following Mr. Geddes, calls it, thus emphasizing the 
crude, imperfect and, so to speak, still archaic character of the 
technological factor in the productive progress of civilization. 

We know that, in the end, this inevitable phase has worked 

greatly to the advantage of man; that we owe to it, along with 
many evils, the very essence of the advances we have made; and 
that there can be no question of challenging the fact that a rise 
towards a higher form of life was brought about by the introduc- 
tion of the numerical factor into the rhythm of our work. But it 
is quite true that industrial progress, at the beginning of its course 
(and in certain sectors the expansion of industrial development 
continued in the same crude and ill-balanced form until the 
beginning of the twentieth century), had the effect of doing away 
with, or at least severely restricting, leisure—for the capitalist and 
the technician, incidentally, as well as for the humblest worker. 
This sensational restriction was to be seen in regard to both the 
quantity and the quality of leisure. 
The imperative needs of a form of industrial organization which 
was still very imperfect, artificial and more or less devoid of 
consideration for the human factor, ruled out any idea of an 
intelligent restraint of mechanization, and this resulted in the 
undue exploitation of man’s work by the rhythm of the machine. 
In this respect, the employer imposed upon himself restrictions 
quite as exacting (though possibly easier to offset psychologically 
because they were more voluntary) as those which the workers as 
a whole had to accept. 

Not only was the amount of leisure much reduced, but the 
general decline of the natural activities of human society in a 
civilization based entirely on the machine brought about an in- 
credible debasement of the quality of leisure, first for the workers 
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and finally for the upper classes as well. At the peak of this 
crisis, Proudhon, aided by his remarkable intuition, rediscovered 
in the traditional Sabbath rest-day, conceived as a “celebration”, 
a profound human significance which had been forgotten in the 
atmosphere of obsession with technical matters of the time. 

This call to moral or religious renewal was also the symbol of 
an aesthetic revival. Art had suffered no less than the life of the 
spirit from the debasement of leisure; from certain points of view, 
the Romantic movement is the counter-part of all the suffering, 
disgust and despair to which the rapid advance of mechanization 
had given rise. 

On the other hand, it should be noted that, in the field of 
educational activities (which were too often sacrificed at that time 
from lack of leisure) and cultural gains, science ultimately 
emerges as the great victor. This may appear an incomprehensible 
paradox if we forget that, at bottom, science had given birth to 
this disturbed society, which yet held such rich promise for the 
future, and that science, because of that promise, had still a career 
before it and a mission to fulfil. Only now are we beginning to 
perceive that mission in the outline of a world more specifically 
and efficiently organized from the technical point of view. A more 
thoroughly rationalized civilization than the first industrial 
civilization seems, for that very reason, to be better able to offer 
man a higher standard of leisure. 


THE NEO-TECHNICAL WORLD AND THE INCREASE OF LEISURE: FROM 
RATIONALIZATION TO THE SCIENCE OF LABOUR 


The fact that science and the scientific mind were at the root of the 
time restrictions felt in the first industrial civilization is clearly 
to be seen in the development of rationalization in industry. The 
name of Taylor stands for the first movement in this direction and 
also marks a decisive stage in the application of scientific practices 
to productivity. The second stage, on which we are now entering, 
is a continuation of this first application of science but in a 
direction which makes it truly beneficent by the use of leisure. By 
analysing the factual background and shortcomings of a form of 
rationalization which appears to be purely mechanical, industrial 
psychologists have discovered that it is essential to include con- 
sideration of the human factor in the organization of rationalized 
industry. The need to define with greater scientific exactitude the 
worker’s position with regard to the use of his time during his 
working hours, cuts across the study of the worker’s need for re- 
creation in his spare time. As our knowledge of applied psychol- 
ogy advances, calculations regarding the rate of work and leisure 
are becoming one of the scientific keys to industrial productivity. 

Such considerations have been made possible and have proved 
“profitable” as a result of the development of our technical power, 
this time directly due to science. It is generally known that the 
scientific discoveries of the nineteenth and twentieth centuries, 
applied to our industrial processes, have helped to bring about an 
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amazing and constant reduction in the time needed for the manu- 
facture of goods. This result has reinforced the general effect of 
rationalization, but there are few opportunities of appreciating its 
full importance in connexion with leisure. We may perhaps survey 
the effects to date, basing ourselves on recent research and, in 
particular, on that conducted by Mr. Fourastié.! 

The hallmark of our time is, we might say, the “incarnation” 
of scientific progress in technical progress* and, conversely, the 
effect of technical progress on the development of the sciences. 
Where these two processes intersect, we find man’s new skill in 
the use of time—the new dimensions and qualities of leisure. The 
first of these new dimensions is related to the length of life itself: 
Ars longa, vita brevis; the basis of any collective progress in 
civilization, of any prolonged effort after rational knowledge, is 
the lengthening of the average duration of life. From the point of 
view of biology, admittedly, the question is not a simple one: the 
increase in the average length of human life may be accompanied 
by a reduction in the number of centenarians, that is to say, by a 
diminution in human vitality. On the present scale, however, the 
improvement in the expectation of life seems in fact to be as- 
sociated with progress in all the other factors which enter into 
a scientific civilization. Like health and material comfort, these 
should always be kept within the proportions conducive to the bio- 
logical optimum. Even in their present often inadequate form— 
that is to say, imperfectly adapted to the requirements of society 
—these scientific and technical factors bring about a considerable 
increase in the likelihood of man’s having leisure for knowledge. 
The first of these factors is housing: in our climates, for instance, 
continuous intellectual activity was made possible only by the use 
of glass. From then on, the house became something more than a 
mere shelter;‘ it helped in the active creation of the biological 
environment necessary for leisure. In every field—sound-proofing,® 
air-conditioning, furniture and functional design—science is 
throwing a fresh and revolutionizing light upon our methods of 
securing time for thought. 


1. J. Fourastié: Machinisme et bien-étre (see bibliography). 

2. Id., p. 241. 

3. Id., pp. 128, 140, 197 et seq. 

4. Id., p. 197: “The rhythm of life was inevitably regulated by the rhythm of the seasons; 
there is abundant proof of this fact in the lethargy into which even the most civilized 
society sank from the middle of autumn onwards, as a considerable, but rapidly diminish- 
ing, proportion of the peasants in our country districts still do. In our time, however, 
man looks to his house to provide an inner environment such as not only to allow him 
to maintain a rhythm in his physical life differing little from winter to summer, but 
also, and above all, to permit more or less constant intellectual activity. Glazed windows, 
artificial light, heating, air-conditioning, sound-proofing, now provide, or are in course 
of providing, the average town or village dweller with conveniences of life which Des- 
cartes would have envied. This does not, of course, mean that we have, or shall have, 
swarms of Descartes; but the common run of our people have more opportunities for 
pursuing intellectual activities than did the privilegied few in past centuries.” 

5. Id., p. 199: “Silence is almost as essential as light to intellectual activity.” “ Mechaniza- 
tion has at first a bad effect in this respect” (p. 199. “. . . but sound-proofing has been 
developed into a science” (p. 200). 

6. Id., p. 197, pp. 204-05: “Can you imagine what strenght of character was required to 
Maintain civilization in Stockholm or Saint Petersburg before the age of mechanization? 
It would be entertaining to see what would become of our present-day French intel- 
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The repercussions of this experimental pressure on daily life 
and, in particular, on the work of the housewife and on her 
leisure time,' are far greater than people imagine. No modern 
intellectual civilization can maintain a proper balance unless this 
problem is scientifically treated, for it has an effect upon the whole 
mode of life. 


In general, science and technology determine how we spend our 
leisure; this is partly a question of the quantity of time available 
but also, and concurrently, a question of the quality of this leisure 
time, as we can see so clearly from the qualitative repercussions 
of the development of means of transport. 

The aesthetics of leisure will henceforth be moulded by the 
developments of science. An interesting point is that this aesthetic 
adaptation is principally modelled on what has been found satis- 
factory in transport and is based on a rationalization of travel 
practices. Design is being brought into line with the most functional 
and rational style. Science, and the technology which derives from 
it, when perfectly interpreted, show themselves capable of guiding 
our perception of the harmony of forms. One indication of this 
decisive part of science in aesthetic appreciation is the American 
expression “streamlined”. 

The most remarkable aspect of science as the source of leisure 
is that it can also teach us how to use the opportunities opened 
up by that same leisure. Such training is becoming more and more 
necessary as the possible uses of leisure grow ever more varied. 

At the present moment, in fact, the discovery of new sources of 
energy, new materials and new substitutes for the traditional 
materials, the rational co-ordination of work and the already sub- 
stantial progress of automatic processes are leading to an extra- 
ordinary expansion of time. Science has a powerful effect in the 
more and more marked reduction of production time by the use 
of technical processes. But it should be noted that the time thus 
saved, theoretically by science, in the rate of production is not 
entirely free. Products must be consumed if the economic machine 
is to continue to function, and a specified time is necessary for this 
consumption; leisure can thus never be considered apart from 
the other aspects of life in society. Some leisure must be devoted 
to consumption, and consumption must be on a large scale so that 
mass-production methods can be employed; there is therefore at 
times a tendency to “step up” consumption artificially to the detri- 
ment of more important things. 


lectuals, who regularly rail against mechanization, talk of the fundamental decadence 
of our civilization, and prophesy the end of Christianity and the world, if they had to 
spend a single year in the circumstances in which Peter the Great and Queen Christina 
lived. Six months of freezing cold, four months of darkness. Descartes himself could not 
stand it. . . . In truth, intellectual life in those latitudes was inevitably confined to a 
tiny minority, exceptionally favoured by fortune, physical strength or character.” 

1. Id., pp. 190, 214-15 et seq.: “The scientific spirit thus invades the kitchen and the house- 
wife’s other activities” (p. 190). “. . . Whereas a French housewife spends 5 hours on 
her work each day, a mere hour and a half is enough for some American housewives” 
(p. 191). 
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Nevertheless, the limitations to which leisure is thus subject are 
capable of expansion, provided that crude ambitions do not distort 
the delicate mechanism of a civilization rationalized throughout 
its structure. 

And it so happens that, in addition to being the source of all 
civilizing movements, science also offers the intellectual use of 
time most likely to stabilize and refine our culture. 

Science, by the profound change it has brought about in our 
technical methods, has made possible the raising of the school- 
leaving age; education is to be regarded as an enormous ex- 
tension of collective leisure.' 

But, on the other hand, it is a discipline derived from science 
which fructifies this school-time leisure. Modern education has to 
initiate the pupil in the use of the experimental method; it has to 
stimulate in every mind the taste for intellectual improvement and 
research. The development of science clubs for young people, the 
growth of the popular scientific press, mark the first stages in the 
ascent of civilization towards ever higher forms akin to scientific 
curiosity. This training is applicable in every field, even the 
humblest and the most concrete. 

Regarded as the highest ethical and aesthetic form of leisure, 
scientific research, which is essential for the maintenance of our 
material progress, is thus more and more symbolic of the general 
trend of a culture which is enhancing, elaborating and refining our 
art of using time. In this way, the primal curse whereby knowledge 
was linked with evil, suffering and toil may be broken. If free 
humanity puts its trust in the scientific spirit, it may find in it, 
and thereby in itself, the mean of overcoming the perils which 
beset it.® 


BIBLIOGRAPHY 


The sole aim of this select bibliography is to clarify the preceding text and 
to enable the reader to carry out more detailed research. Clearly, any 
complete bibliography on the subject would, even without any supporting 
documentation, exceed the bounds of the present study. 


I. DEFINITIONS AND GENERAL 


Berason, Henri, Les deux sources de la morale et de la religion, Alcan, 
Paris, 1932, 350 pp. approx. 
One of the very few contemporary philosophies with an open mind on 


1. Id., pp. 168-70 et seq.: “The problem... is to accommodate and train .. . the hundreds 
of thousands of children set free from physical labour by technical progress” (p. 171). 
2. Id., p. 220: “Here, as elsewhere, technology offers the way out of this erisis for which 
technology itself is responsible; the progress of experimental science brings to an end 
the crisis provoked by the invasion of the traditional rationalist mentality by the ex- 
perimental mentality.” 
See also p. 157. 
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the fundamental problems of technology and leisure. See particularly: 
Chapter IV: “L’4ge industriel mécanique et mystique”: “If, however, the 
machine can furnish the worker with more hours of rest, and if the 
worker uses this additional leisure for something more than so-called 
amusements which an ill-directed industrialism has now made accessible 
to all, then he will develop his intellect along the lines chosen by him- 
self ...”, (p. 327 of the 58th Edition, Presses Universitaires de France, 
Paris, 1948). 

Burns, C. D., Leisure in the Modern World, Allen and Unwin, London; 
Appleton-Century, New York, 1932, 215 pp. 

Methodical study of actions and reactions as between increased leisure 
and technical or social changes (food, clothing, the home, the motor-car, 
films, radio, etc.). 

Particular attention is given to the evolution of women, young people 
and children. Changing “ideals” are studied and correlated. 

Ducassk, Pierre, “La technique et le loisir”, S.E.T., Structure et Evolution 
des Techniques, Paris, No. 17-18, May-June 1950, pp. 1-3; No. 21-22, Nov. 
1950-Feb. 1951, pp. 1-3. 

Position of the problems. Ambiguity of leisure. Paradox of leisure. Work, 
leisure and freedom. Valorization of leisure. 

“Le paradoxe du loisir”, Scientia, Revue Internationale de Synthése 

scientifique, April 1951, pp. 125-29. 
There is a “paradox of leisure”, just as, since Diderot, there has been a 
“paradoxe du comédien”. That paradox was discovered—almost un- 
consciously—as the result of a discussion between J. J. Rousseau and 
M. Bordes, following the publication of the “Discours sur les sciences et 
les arts”. In order to reduce to absurdity J. J. Rousseau’s contention that 
science originated in “idleness”, Bordes, pushing his adversary’s idea to 
its logical conclusion, showed that “every kind of work would be the out- 
come of idleness, because time would have had to be set aside for its 
performance”. Thus Bordes showed the underlying interdependence of 
work and leisure, but was no more able than was Rousseau to see in it 
anything but a paradox. In fact, neither of them could conceive a 
specifically technical concept of leisure, of which, by contrast, our 
modern industrial psychology presents a very clear idea. The difficulties 
arising out of such an attitude are dissipated, and the philosophy of 
technology distinguishes various kinds of criteria with precision. In this 
respect, the “paradox of leisure” has a permanent “heuristic” value. The 
paradox of leisure governs all analyses of relationships between modern 
leisure and technology derived from science. 

DuRANT, H., Problem of Leisure, Routledge, London, 1938, 260 pp. 
Analyses with clarity the sociological and technical background to the 
problem of leisure (leisure in the Machine Age), according to social class 
distinctions (aristocracy, middle classes, working classes, unemployed). 
Studies the machinery of entertainment—organization of leisure and 
“prospects of leisure”. In general, the angle is sociological rather than 
technical. Interesting bibliography. 

FRIEDMANN, Georges, Ov va le travail humain?, Gallimard, Paris, 1950, 8vo, 
389 pp. 

Basic work. The problem of leisure is considered from different aspects, 
and several passages deal in particular with the psychological and socio- 
logical aspects. Important documentation and a direct analysis of future 
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prospects may be found in the following passages: “Industrie—Loisir— 
Démocratie”, pp. 247-58, and Part IV, “Ou va le travail humain?”, 
pp. 315-56. 

NAVEL, Georges, Travaux, Stock, Paris, 1945. 

Autobiography which paints a well-known picture of the conflicts between 
industrial life and human nature, in which the need for compensation in 
the form of “leisure” is made strongly evident. 

NEuURATH, Otto, Modern Man in the Making, D. Ryerson Inc., New York, 
1939, 160 pp. 

A fair description of the prominence given to leisure by “modern man in 
the making”. See especially Chapter III: “Trends towards modernity” and 
Chapter VI: “Daily life”. 

Rops, Daniel, Par dela notre nuil (new edition), Robert Laffont, Paris, 1947, 

8vo, 280 pp. 
Collection of essays dating from 1942 to 1945, showing the Christian 
attitude to the expectation of political and social renewal. There is 
throughout a lively understanding of the significance to man of technical 
problems and of the connexion between technology and leisure, despite 
some technical inexactitudes. Several passages explicitly mention the 
relationship of technology to leisure, especially Chapter VII: “Loisirs et 
développement personnel”, pp. 209-13, 215, etc. The educational value of 
leisure is emphasized (cf. pp. 138-39, 145 and 111-12), and similarly its 
spiritual significance (pp. 42-44 and 146). 

WEIL, Simone, La condition ouvriére, Gallimard, Paris, 1951, 8vo, 273 pp. 
This book contains several of Simone Weil’s writings on working-class life, 
in particular her Journal d’usine (1934-35), which is overwhelming in its 
lucidity and candour. Simone Weil’s inner attitude, the “breath of free- 
dom she bore within her”, of necessity made her particularly alive to 
any form of “prerequisite” for redeeming labour from slavery. Thus 
there run through her notes and reflections very profound analyses 
directly or indirectly concerned with the nature and problems of leisure 
as conditioned by technology. 


II. LEISURE IN THE HISTORY OF SCIENCE 


BAILLET, La vie de M. Descartes, Daniel Horthemels, Paris, 1691, 1 vol., 4to, 
602 pp. 
See especially p. 28: “Fr. Charlet, Rector of the House, who was his 
spiritual director, had granted him among other privileges that of lying 
late in bed in the morning, both because of his poor health, and because 
he had noted in him a spirit naturally given to meditation. . . . This 
practice became such a habit with him that he followed it when studying 
throughout his life, and it may be said that it is to those mornings in bed 
that we owe whatever he contributed of value to philosophy and mathe- 
matics.” See also Chapter VIII, p. 35, and later, pp. 330-31, 351: “The 
sweets of tranquillity, not to mention a wholly philosophical idleness .. .”. 

BurRNET, John, Early Greek Philosophy, A. Black, London, 1892, 8vo, 
vi + 378 pp. 
Chapter I: “The School of Miletus”, p. 37. “There can be scarcely any 
doubt that the feeling of security . . . had some influence on the develop- 
ment of scientific research. Material prosperity is its foundation”, and 
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p. 46: Note on the origins of the anecdote about Thales’ speculation in 
oil presses. 

Koyre, A., “Les philosophes et la machine”, Critique, No. 23, Calmann-Lévy, 
Paris, April 1948, p. 330 ff. See also No. 28, Sept. 1948, pp. 806-23. 

In these analyses, the author recalls the historical connexion between 
science and leisure. These essays raise many other important problems 
concerning technology and philosophy. 

Rey, Abel, La science orientale avant les Grecs (Collection “L’évolution de 

lV humanité”), La Renaissance du Livre, Paris, 1930, 12mo, 495 pp. 
See especially General Conclusions, pp. 468-69 ff. “The Birth of Scientific 
Thought”. “Intellectual activity issues from activity pure and simple, 
and, while indistinguishable from and closely accompanying its source 
for a long period, finally acquires an independent existence, but always, 
in the long run, returns to that source”, p. 468. 

—— La jeunesse de la science grecque (Collection “L’évolution de ’huma- 

nité”), La Renaissance du Livre, Paris, 1933, 1 vol. 12mo square, xvii + 
537 pp.,Chapter I: “The Ionian School”, p. 29 ff. Thales. 
See p. 52: “Thus the merit and originality of the Ionian School would 
appear to us to reside in the fact that, from the outset, it so accentuated 
the disinterested aestheticism of man’s curiosity that it became a per- 
manent characteristic . . .”, etc. 

Rosin, Léon, La pensée grecque et les origines de l’esprit (Collection “L’évo- 
lution de ' humanité”, La Renaissance du Livre, Paris, 1923, xxxi+480 pp. 
See especially p. xviii (Preface by Henri Berr, Note 2); p. 40: “Plato was 
right when, according to an often quoted phrase, he vigorously con- 


trasted . . . the Egyptian or Phoenician mind with the Greek mind, 
ete....", and pp. 41-42 ff (The School of Miletus). 

ScHUHL, P. M., Machinisme et philosophie, Alcan, Paris, 1938, 1 vol. 12mo, 
108 pp. 


To be consulted on general aspects of the problem. Studies in particular 
the evolution of ideas and feelings concerning the contrast between work 
and leisure, p. 64 (concerning St. Simon and his followers): “. . . Leisure 
and noble living have lost their prestige and have become no more than 
idleness and sloth.” 

Waite, Lynn, “Technology and Invention in the Middle Ages”, Speculum, 
New York, Vol. 15, 1940, pp. 141-59. 
“... It is the aim of work to put an end to work.” 


Ill, APPARENT CONTRAST BETWEEN SCIENCE AND LEISURE 


BEARD, Charles A., Whither Mankind? A Panorama of Modern Civilization, 
Longmans, Green and Co., New York, 1928, vii + 408 pp. 
Collected essays on the influence of science and machinery on various 
aspects of life. 
Toward Civilization, Longmans, Green and Co., New York-London, 
1930, vii + 307 pp. 
Collected essays on modern technology. Important preface. 
International Labour Office. The Social Aspects of Rationalization, Geneva, 
1931, Studies and Reports, Series B, No. 18. 
Connexion between the output of industrial labour and psychological and 
moral conditions. See in particular the pages on German experiences. 
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FRIEDMANN, G., Machinisme et humanisme, Vol. Il, Problémes humains du 


in machinisme industriel, Gallimard, Paris, 1946, 387 pp. ; 
Exceedingly important work. Contains much factual information required 
vy; for a study of the problem of leisure. In particular, it provides the ground- 


work for any analysis of rationalization processes from the point of view 
en of leisure. 








ms —— “Les technocrates et la civilisation technicienne”, in the collection 

Industrialisation et Technocratie, published under the direction of 
de G. Gurvitch, A. Colin, Paris, 1949, xiv + 214 pp., p. 44 ff. 

History and criticism of technocratic ideologies. Indispensable publication 
fic for any study on the dangers of technocracy, especially as regards 
le, leisure. 
we MuMForD, Lewis, Technics and Civilization, Harcourt, Brace and Co., New 
ys, York, 1934, xi + 495 pp. 

The governing idea of this important book, which deals with the inter- 
na- dependence of civilization and technology, is that we have attained in 
+ this respect a radical point of social “discontinuity”. The author, there- 

: fore (following Geddes), takes up the idea of neotechnics as opposed to 
ild a paleotechnical phase marked by the irruption of modern mechanization 
ied (from the middle of the eighteenth century until about 1910). The details 
er- | of certain of these analyses are of the greatest interest to the theory of 
| leisure in its relationship to science and technology. The following, in 
po = particular, should be noted: 
op. 1. Everything concerning the concept of time, at least by way of sug- 
yas gestion; the monastery and the clock; social regimentation; the 
n- significance of the clock; the time factor, etc. 
id, 2. Everything concerning the degradation of leisure in the paleotechnic 
phase: Time, in short, was a commodity in the sense that money had 
10, become a commodity. Time as pure duration, time dedicated to con- 
templation and reverie, time divorced from mechanical operations, 
lar was treated as a shameful waste. The paleotechnic world did not heed 
rk Wordsworth’s Expostulation and Reply: it had no mind to sit upon 
ire an old grey stone and dream its time away. 
an 3. Everything concerning the qualitative relationship between science 
or technology and leisure (music and technical civilization). See also 
m, the relationship between artistic culture and the machine (allusion to 
Karl Biicher), and the aesthetics of machinery. Consequences of the 
breach between science and practice, and between science and the 
fine arts. 


4. Everything which implicitly or explicitly considers the relationship 
between technology and leisure as a criterion of civilization: “When 
automatism has become general, the rites of leisure will replace the 


aN, rites of labour.” Relationship between leisure and values. The means 
are Standardization, emphasis on the generic and on types. The final 
US aim is leisure, that is to say, the release of other organic capacities. 
See also the relationship between leisure and standards (advantage 
on, of normalized consumption) ; leisure and the socialization of creation; 


work for amateurs and the necessary correctives of standardization 
and automatic mass production methods. 


va, Ponte, Maurice, “L’évolution de la recherche sous l’influence des industries 
électriques et électroniques” in Laboratoires, Paris, No. 1, 1951, pp. 35-40. 
nd Exceedingly strict and well-informed analysis of the interdependence of 
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research and technology. The conclusion relates directly to the kinship 
between science and leisure, in connexion with the “crushing of per- 
sonality” and the necessary attempts at compensation. “The speed with 
which the results of research are put into practice and the cumulative 
effect of these achievements will soon confront us with the serious prob- 
lems of how to safeguard man’s individuality. Indeed, electrtechnical 
power, rendered infinitely more flexible by electronic power which can 
penetrate everywhere—and we are here thinking of television, whose 
advent will have even greater social consequences than printing, and of 
the many automatic controls and electronic brains—is an extraordinarily 
powerful factor of penetration, which can inject standardized thought 
and effortlessly drag in its train individuals who have been gradually 
deprived of any personal creative effort. It is true that serious thought 
should be given to this risk of crushing personality, but the abandon- 
ment of yet another fraction of free will at the mechanical level need not 
necessarily be accompanied by the individual’s total abdication. Equally 
powerful psychological research should make it possible to turn elec- 
tronics into an instrument for improving man’s condition, once their 
power has been effectively grasped and the urgency of filling the gap 
between material and psychological progress fully understood.” 


IV. FUNCTION OF LEISURE IN THE MODERN SCIENCE OF LABOUR 


ANDERSON, Jackson M., “A Survey of Recent Research Findings in Industrial 

Recreation”, reproduced from: The Research Quarterly of the American 
Association for Health in: “Physical Education and Recreation”, October 
1951, pp. 273-85. 
Exceedingly interesting study on the subject, which, despite its brevity, 
provides most valuable information directly or indirectly concerned with 
the relationship between technology and leisure. See in particular p. 276: 
“Values of Industrial Recreation”, and p. 277: “Relationship between 
recreation participation and job tenure”, and p. 278: “Relationships of 
employee recreation to industrial safety”. Useful references, p. 285, sup- 
plemented by the following article: 

—— “Industrial Recreation”, reproduced from The Research Quarterly of 
the American Association for Health: in “Physical Education and Recrea- 
tion”, November 1950. 

See in particular paragraph I: “The Shorter Workday”, and paragraph 2: 
“Monoteny of Work”, and references. 

Brown, Wilfred B. D., and RAPHAEL, Winifred, Managers, Men and Morale, 
MacDonald and Evans, London, 1948, 1 vol., 8vo, vii + 163 pp. 
Methodological and psychological introduction to the theory of manage- 
ment. The work sums up a vast experience of organization and human 
relationships in industrial life, seen from a high level. Its aim is to bring 
scientific principles to bear on the subject. The authors, who insist on 
the human factor and the role of environment, raise some very pertinent 
problems and summarize essential data. Leisure is explicitly referred to 
in the conclusions (in particular pp. 161-62) and frequently implied in the 
factual analyses (cf. pp. 142-43 on weekend conferences and the tech- 
nique of “sociodrama”, and p. 144 on broadcasting and industrial 
training). 
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BucHeEnR, Karl, Arbeit und Rythmus, S. Hirzel, Leipzig, 1897, 4to, iv + 130 pp. 
Basic study on rhythm and on the relationship between aesthetic and 
industrial life. 

CAHILL, Marion C., Shorter Hours: A Study of the Movement since the Civil 

War, Columbia University Press, New York, 1932, 280 pp. 
The author lays particular stress on the direct methods which have en- 
abled working hours to be reduced (legislative action, trade union action, 
employers’ action). He also refers to improvements in machinery, to the 
effectiveness of organization and to a new attitude to leisure. 

FourastTIk£, Jean, La civilisation de 1960 (Collection “Que sais-je?”), Presses 

Universitaires, Paris, 1947, 118 pp. 
This book contains much interesting information on the conditions of 
leisure, with particular reference to the relationship between technical 
progress and the evolution. of ways of living (p. 13 ff.) and standards of 
living (p. 40 ff.). It also puts forward a number of suggestions on the 
interpretation of related phenomena, with particular insistence on the- 
progressive “intellectualization” of jobs in an advanced technological 
evolution (p. 35). 

The author tries to evaluate (in every sense of the word) modifications 
in ways of living resulting from the growth of a more advanced technical 
civilization (p. 68). His attitude is optimistic: “It seems to us, however, 
that a third generation is beginning to arise which is discovering that 
intellectual pleasure alone can outlast the long period of leisure of New 
Man.” (p. 69.) 

—— Le grand espoir du XX* siécle (Technical Progress, Economic Progress, 

Social Progress), preface by André Siegfried, Presses Universitaires, 
Paris, 1950, 2nd edition, 1 vol., 8vo, xi + 223 pp. 
Studies in turn the foundations of economic life (production and con- 
sumption), and the mechanism of economic life and its results (way of 
living and standard of living). This book contains valuable documenta- 
tion and new ideas on the repercussions of technical progress on the 
level of civilization. 

Among the analyses directly concerned with leisure, we would note 
p. 36: “The concept of leisure is a modern concept.” The trend towards 
“time-saving” in jobs is recent. 

The author emphasizes the transitory nature of our period from the 
economic point of view (p. 80) and its consequences (cf. Mumford). 

He notes in particular that “increasing importance is being given to the 
question of ways of living rather than to the mere question of standards 
of living” (p. 178). In this connexion, he briefly studies at the end of the 
work the reduction in working hours (p. 182 ff.), the rise in school 
attendance (p. 184) and the transformation of leisure (pp. 187, 190, 206). 
An exceedingly important idea which emerges (p. 220) is that there are 
limits to leisure: “Restrictions imposed by scarcity, and therefore the 
obligation to work, will not disappear with the next civilization”. 

—— Machinisme et bien-étre, Ed. de Minuit, Paris, 1951, 1 vol., 8vo, 252 pp. 
This work studies the consequences of mechanization for “man. outside 
his work”, and deals therefore directly with the theory of leisure. 

It is important to point out that, so far as the “standard of living” is 
concerned, nations “spread out in time”, beginning with the traditional 
standard of living. Inter-regional uniformity is introduced into ways of 
living, in particular, into leisure accompanied by a noticeable differentia- 
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tion in local ways of living (p. 150). In certains respects, “standards of 
living” and “ways of living” oppose, and as it were, complement each 
other, particularly as regards leisure (p. 151): “The fact that man has 
sacrificed his standard of living to his working hours is a partial cause 
of the complexity and fatigue of modern life” (p. 151). The employment of 
leisure is a function of individual and family factors, but also of pro- 
fessional, and social and collective factors (p. 152). In this respect, the 
importance of time in the present economic world is greatly stressed: 
“To my mind, a nation whose average school-leaving age is 14 cannot in 
honesty reduce the working hours of its adults” (p. 165, Note I). 

The importance of leisure in administrative and intellectual work is 
strictly evaluated (p. 167), as is the relationship between teaching and 
leisure among young people (p. 168 ff.), which the author tries to judge by 
comparison with leisure among adults. 

The time factor is indicated as a central concept (p. 217). Note on the 
philosophy of science. The conclusion emphasizes the value of leisure 
as a means of transition to intellectual civilization (p. 242). 

GALLOwAY, G. B., LINDEMAN, E. C., and various authors, Planning for Amer- 
ica, Henry Holt and Co., New York, 1941, 700 pp. 

Series of articles, including under social questions the important article 
by E. C. Lindeman: “Planning for leisure” (16 pp.). 

Raises the problem of leisure and indicates to what extent economic 
planning complements planning for leisure. Energetically underlines the 
interdependence of work and leisure (“leisure is a liberty won”). 

Lays stress on the relationship between the division of labour and the 
mechanization of labour, on the one hand, and between the evolution of 
conceptions of leisure, and man’s relationship to time, on the other. 

Breakdown of the average working man’s timetable, thus expressing 
leisure quantitatively. Hours worked per week, 40; hours slept, 56; leisure 
hours, 72. This period tends to increase (cf. Vernon). 

Analysis of the qualitative reasons for planning for leisure. Positive 
function of leisure for the individual. Its cultural and national signifi- 
cance in a free country. The chief aim of planning is to make leisure 
active rather than passive. Interesting bibliography. 

GILLEsPIE, J. J., Free Expression in Industry, a Social Psychological Study 
of Work and Leisure, Pilot Press Ltd., London, 1948, 167 pp. 
Exceedingly important work for the study of leisure; main emphasis on 
psychological and sociological correlations, but very open to scientific 
and technical considerations. 

GrosEy, Norman, Full Enjoyment, London, 1948, 120 pp., engravings. 

The distinction between passive and constructive pleasure. 

Mayo, Elton, The Human Problems of an Industrial Civilization, Lowell 
Lectures given in 1933, Macmillan, New York and London, 1934, 194 pp. 

The Social Problems of an Industrial Civilization, Harvard University, 
Division of Research, Boston, 1945, xvii + 150 pp. 

New conception of the human factor and important analyses of the 
relationship between output, rest periods and interest in work. 

Picors, Paul and Faith, Human -Aspects of Multiple Shift Operations, 
Massachusetts Institute of Technology, Cambridge, Mass., 1944, 1 vol., 
8vo, 90 pp., appendix and bibliography. 

Strictly scientific treatise on the various processes of rational organiza- 
tion of team work based on the experience of war industry. A very subtle 
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appreciation of the various uses of time by industrial workers emerges 
from this analysis which continually touches on the problem of leisure,. 
and from time to time refers to it explicitly. Appendix A (pp. 78-80) 
provides very interesting information in this respect, based on the book 
Recreations for War Workers, published by the National Recreation As- 
sociation. The annotated bibliography contains many interesting docu- 
ments on the subject itself and related technical matters. 

VERNON, H. M., Hours of Work and their Influence on Health and Efficiency, 
British Association for Labour Legislation, London, 1943, 38 pp. 

—— The Shorter Working Week, Routledge, London, 1934, viii + 201 pp. 
Analysis of the technical and economic reasons for the reduction of 
working hours. Contains a table of average distribution of a working 
week: Work, 48 hours; travel, 9 h.; rest, 21 h.; sleep, 55 h.; leisure, 35 h.; 
total: 168 hours. Chapter 8 analyses the problem of leisure as a con- 
sequence of the two-shift system, which releases activities that actually 
create physical and psychical compensation. 

WALTHER, L., Etude technopsychologique d’une industrie de produits ali- 
mentaires, Geneva, 1928. 

See especially p. 192, leisure: indirect stimulus to happy work. 

Watts, Frank, An Introduction to the Psychological Problems of Industry, 
Allen and Unwin, London, 1921, 240 pp. 

See especially Chapter 2 (industrial fatigue and inefficiency); and 
Chapter 7, The Creative Impulse, paragraph 2: Modern recreation (crisis 
of real leisure as a result of the quantitative degradation of work). 

WUNDERLICH, H., “Influence of Monotonous and Constraining Work on the 
Structure of Personality”, Zeitschrift fiir angewandte Psychologie, xxv, 
pp. 321-73. 

Basic article. 


V. QUALIFICATION OF LEISURE BY SCIENCE 


CHAPMAN, Guy, Culture and Survival, J. Cape, Ltd., London, 1940, 240 pp. 
Methodical study of the appearance, definition and employment of leisure 
in England in relation to the growth of population in that country. The 
repercussions of technical, economic and social evolution on types of 
leisure are very instructively brought out. 

GIEDION, Siegfried, Mechanization takes Command, Oxford University Press, 

New York, 1948, 1 vol., 4to, 743 pp., 501 illustrations, index. 
Highly important work on the history of technology. (a) Deals directly 
with the question of leisure, in particular by analysing domestic techno- 
logy and techniques of comfort, cf. Part IV: Mechanization and the Human 
Environment, and Part V: Mechanization of Housework. (b) Directly and 
most strikingly deals in its conclusions with the function of leisure as a 
criterion of civilization. 

GILFILLAN, S. C., “Social Effects of Inventions”, article in Technological 
Trends and National Policy, published by the National Resources Com- 
mittee, Washington, 1937, 388 pp. 

Report of the sub-committee on technology to the National Resources 
Committee, Washington, June 1937. 

In paragraph 3 of this article, Mr. Gilfillan deals with recreation and 
education in relation to new techniques, in particular to television. 
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Hopson, J. A., Wealth and Life; A Study in Values, Macmillan and Co., 

London, 1929, 489 pp. 
Points out: (a) the possible conflicts between abnormal economic require- 
ments for the production or consumption of commodities and the need for 
higher forms of leisure; (b) the advantage of an authentic standard of 
consumption in releasing vital activities. 

LUNDBERG, G. A., KoMAROvSKy, M., MEINERNY, M. A., Leisure, A Suburban 

Study, Columbia University Press, New York, 1934, 400 pp. 
Far-reaching study of the problem of leisure considered as a subject for 
scientific analysis, based on the sociological observation of suburban 
families and schools. Their types of leisure are studied in detail, but not 
the inner relationship of leisure to technology, although it is explicitly 
mentioned. 

SIEPMANN, Charles A., Radio, Television and Society, Oxford University 
Press, New York, 1950, 410 pp. 

Description of broadcasting systems. Analyses of the social implications 
of the radio and television, in particular on education. 

Studies the influence of television on our habits of leisure (in particular 
on family life). 

VEBLEN, Thorstein, The Theory of the Leisure Class, London, 1912, 370 pp. 
Basic work consisting of an economic study of institutions. Still im- 
portant, despite its date. 

WituraMs, W. E., “Social Consequences of Television”, The Educational 
Times Magazine, London, February 1951, pp. 8-9. 

Theme: The radio as the popular educator of our period. Alludes to pes- 
simistic predictions on the “passivity of leisure hours” resulting from 
television (as used to be said of the radio). 

Makes serious reservations on such a forecast, provided that the social 
aims of technological progress can be preserved. Argument based on the 
popular success of musical education by radio as an example to visual 
culture. 

England has carried out projects for a “Television University” an- 
nounced by the United States as early as 1949 and still not put into 
practice. Dark side of the picture: very low level of popular entertain- 
ment. Spread of bad habits among lazy viewers. Considers example of the 
cinema so as to avoid its dangers. 
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EVENTS AND COMMENTS 


SCIENCE AT THE U.S. STATE DEPARTMENT 


Last July, the U.S. Department of State announced the appointment 
of five American scientists to serve as scientific attachés in foreign 
osts. 

' The list is headed by Dr. Hans T. Clarke, Professor of Biochemistry 
at Columbia University and an international authority on the chemistry 
of biological compounds, who has been accredited to the London 
Embassy. He is seconded by Dr. L. H. Farinholt, Associate Professor 
of Chemistry at Columbia University. Neither of these two scientists 
is a stranger to England. Dr. Clarke was born there in 1887, and has 
studied and taught at British universities; Dr. Farinholt was a Rhodes 
scholar at Oxford, and received his degree there in 1931. 

Two other scientists were appointed to Stockholm (Sweden). 
Dr. William L. Doyle, Professor of Anatomy at the University of 
Chicago, is particularly well-fitted for this post, having been engaged 
in research at the Carlsberg Laboratory in Copenhagen after com- 
pleting his Rockefeller Fellowship at Cambridge before the war. He is 
seconded by Dr. Robert L. Loftness, a chemist with industrial 
experience who at one time studied at the Federal Institute of Techno- 
logy at Zirich. 

Lastly, the appointment to Berne (Switzerland) has been taken up 
by Dr. L. Lek, who was born in Holland and_ studied physical 
chemistry, oceanography and meteorology at Brussels and Berlin. 
Later another science attaché was appointed to Berne; he is Gordon 
F. Hull, Professor of Physics at Dartmouth. 

Appointments to other embassies are expected to follow. 

These appointments constitute a further step in the implementation 
of a programme for integrating science into the realm of foreign 
policy. This programme stems from war-time experience of scientific 
co-operation with Britain. As a result of this experience, in 1947, the 
Department of State, introduced an innovation into the Foreign 
Service. By an arrangement between the Director-General of Foreign 
Service and the Assistant Secretary for Economic Affairs, a small 
science staff was established as an integral part of the London 
Embassy. Since its beginning, this staff has consisted of more than 
a dozen scientists who served for periods ranging from a few months 
to two years. They have represented chemistry, biology, medicine and 
engineering. 

The establishment of this experimental staff was significant because 
it marked a departure from tradition. For the first time, reporting on 
scientific and technical matters was looked upon by the Department 
of State as a legitimate function of the Foreign Service, and was 
regarded as an activity similar to that of reporting on political and 
economic matters. The experiment showed that there were occasions 
when scientific factors impinged upon international affairs and that 
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the Department had no adequate machinery for bringing these factors 
to bear on the discharge of its responsibilities. 

Consequently, when the Department carried out its reorganization 
in 1949, it called in as a consultant to the Secretary Dr. Lloyd V. 
Berkner, a prominent scientist with wide experience of government 
affairs, to survey the basic problems in international relations raised 
by scientific and technical developments, and to make recommenda- 
tions which would enable the Department to meet its responsibilities 
in this respect. The result of this study was the report of the Depart- 
ment of State, Science and Foreign Relations, the analysis of which 
is given on page 56 of this issue. 

In accordance with the recommendations of this report, the Office 
of the Science Adviser at the Department of State was established in 
February 1951, under the direct responsibility of the Under-Secretary 
of State. To fill the post of Science Adviser, Dr. Joseph B. Koepfli was 
granted leave of absence from the California Institute of Technology. 
He is a chemist who has specialized in organic chemistry, chemo- 
therapy, plant hormones and alkaloids, and was senior scientific 
officer at the American Embassy in London in 1947-48. He is assisted 
by a deputy, Dr. James W. Joyce, a geophysicist with wide experience 
in government departments. The two other members of the Science 
Office are Mr. Walter M. Rudolph, an economist who has been at the 
Department of State since 1944, and Mr. Neil Carothers, an electrical 
engineer and a test pilot who graduated in Economics, Politics and 
Philosophy while a Rhodes scholar at Oxford. 

The Office of the Science Adviser is supported by science staffs at 
American missions abroad. At present, these staffs are established at 
London, Stockholm and Berne, the first consisting of three scientists,! 
the other two of two scientists each. 

The establishment of these science missions represents the second 

major step in the implementation of the Berkner Report. The first, 
of course, was the setting up of the Office of the Science Adviser. The 
full implementation of the Report, i.e. the establishment of another 
dozen or so science staffs abroad, is expected to take two to three 
years. 
N.B. Since this issue went to press, it has been announced that the 
Department of State has appointed two science attachés to the U.S. 
Embassy in Paris. The senior attaché is Dr. Jeffries Wyman, Director 
of the Biological Laboratories at Harvard, who for a time studied at 
Cambridge, England, under Sir Frederic Gowland Hopkins, and worked 
at University College, London, with Professor A. V. Hill. Recently he 
spent six months in Japan lecturing at the larger universities. The 
other attaché is Dr. Leonard James Eyges, a mathematician and 
physicist, who worked as a research physicist at the University of 
California Radiation Laboratory. In 1948, he was awarded an U.S. 
Atomic Energy Commission fellowship which he used to study with 
Professor Peierls at the University of Birmingham, England. 


1. The London Embassy has had a scientific attaché since 1947. 
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THE KALINGA PRIZE 


A prize of £1,000 will be awarded annually, beginning in 1952, by the 
United Nations Educational, Scientific and Cultural Organization, for 
outstanding achievement in the interpretation and dissemination of 
science. 

The prize bears the name of Kalinga, the empire which covered part 
of India and Indonesia more than 2,000 years ago. It is also the name 
of a large Indian industrial group, the Kalinga Trust, which has made 
numerous grants for scientific research and social work. The prize 
money is a gift to Unesco from Mr. B. Patnaik, a director of the Trust, 
who was an early member of the Congress Party in India and was 
entrusted by the Government of India, after the war, with the task of 
industrializing the state of Orissa. 

At the request of Unesco, the conditions of the award were laid 
down at a meeting of the International Council of Scientific Unions 
in Washington. The jury will take into account the amount and extent 
of the writing done by the nominee, its scientific, social and literary 
value, and its contribution to public education in science and the 
social consequences thereof. The prize will seldom be awarded for a 
single book but usually for a series of books, or a series of newspaper 
or magazine articles, or lectures, films, radio talks or television pro- 
grammes, possibly in combination with a book or books. No technical 
writing for a limited circle of readers will be considered, nor will text- 
books for school or university use, unless they also achieve wide public 
distribution. The prize will not be divided. 

There will be three judges, one of whom will retire each year. They 
will comprise a representative of the physical sciences, one for the 
biological sciences, and a representative of the literary or general 
reading public. The first two will be nominated by the International 
Council of Scientific Unions and the third by Unesco. 

For the 1951 prize, to be awarded in the spring of 1952, the jury 
consists of Julian Huxley, F.R.S., first Director-General of Unesco; 
M. N. Saha, F.R.S., professor of physics at the University of Calcutta 
and founder of Science and Culture; and Paul Gaultier, Member of 
the Institut de France and editor of the “Bibliothéque de philosophie 
scientifique”, a series of popular scientific books published by Flam- 
marion. 

Nominations for the prize will be made annually by the scientific 
organizations which adhere to ICSU, with additional nominations by 
Unesco. For the 1951 prize, nominations have been received from the 
Austrian Academy of Science, the British Royal Society, the French 
Academy of Science, the National Institute of Sciences of India, the 
Royal Netherlands Academy of Science, the Royal Society of New 
Zealand, and the South African Council for Scientific and Industrial 
Research. For the 1952 award, Unesco will make nominations based 
on suggestions received from associations for the advancement of 
science, science writers’ associations, and science teachers’ associa- 
tions. Nominations or applications will not be accepted from 
individuals, 

The award will be made by Unesco in Paris whenever practicable. 
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It is expected that the winner of the prize will usually be invited to 
visit India for a week or two to be a guest at official functions, perhaps 
to give a few talks, and to live in quarters provided for him to 
facilitate his familiarizing himself with Indian life and culture. 


THE INTERNATIONAL COMPUTATION CENTRE 


The first international laboratory of the United Nations was set up on 
6 December 1951, at a ceremony at Unesco House in Paris. This 
laboratory is the International Computation Centre which is to be 
situated at Rome. 

The idea was first put forward in 1946 by the French delegation to the 
Preparatory Commission for Unesco, that is, before the Organization 
had entered upon its official life. It has been the object of research, 
enquiries on a world-wide scale and discussions sponsored by the 
United Nations and by Unesco for over five years, and it is part of a 
wider project for international research laboratories, which are 
generally beyond the means of single nations, but not beyond the 
resources of several nations acting together. The ICC was set up at a 
conference called by the Director-General of Unesco and attended by 
delegates from 20 countries and observers from seven other countries. 
The actual convention for the setting up of the.Centre was signed by 
eight countries: Belgium, Egypt, Iraq, Israel, Italy, Japan, Mexico 
and Turkey. 

The importance of a computation centre—where enormous intricate 
machines can perform with incredible speed mathematical calculations 
which normally might take months or years to work out—is obvious, 
not only for purely scientific purposes, but also for the practical solu- 
tion of social, economic and other problems. Social statistics, particu- 
larly problems connected with demography and life insurance, are 
cases in point. In the economic field, the calculation of great engineer- 
ing projects, such as dams, electric power stations, or atomic plants, 
and the statistical analyses in agriculture and fisheries are among the 
many examples of tasks which a computation centre can undertake. 
In the U.S.A. and Britain, the only two countries which for the time 
being have their own electronic calculating machines, this method is 
used for purposes of national defence, notably in ballistics, for such 
machines can calculate the trajectory and the landing point of a 
missile while it is still in flight. 

A recent and outstanding sociological example of the use of the 
punched-card type of machine was the rapid selection of prisoner’s 
characteristics in the tracking down of German war criminals. 

The ICC will be established at Rome, where the Italian Government 
has offered accommodation and agreed to lend the Centre $75,000 
without interest for 10 years. The Centre’s annual budget is expected 
to amount to about $100,000 to be met from the contributions of its 
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member states. For the first year Unesco will give the Centre a $15,000 
grant and a loan of $60,000. 
The Centre will have three main functions: research, education and 
service. In return for its financial contribution, each member state 
will, to an extent which will be determined later, be entitled to use 
the services of the Centre free of charge. Service will also be available 
to non-member states and private institutions on payment of a fee. 


HUMAN IMPLICATIONS OF TECHNICAL CHANGES: 
AN INTERNATIONAL RESEARCH CENTRE? 


A Committee of Experts on the question of International Social 
Science Centres, meeting at the invitation of Unesco in Paris on 
16-18 April 1951, recommended the establishment of an International 
Research Centre for the study of the Human Implications of Technical 
Changes. 

This idea originates in a proposal, made in 1946 by the French 
delegation to the Economic and Social Council, for the establishment 
of international research laboratories to study certain social science 
questions which cannot be satisfactorily dealt with at the national 
level. After some preparatory work had been done, a meeting of 
14 experts representing most branches of the social sciences was called 
by the Director-General of Unesco in April 1951, and met under the 
chairmanship of Professor R. C. Angell (U.S.A.). The experts rejected 
the idea of a single institute dealing with all branches of the social 
sciences on a world-wide basis, on the ground that a body covering so 
wide a field might find it difficult to introduce order into its activities, 
which might easily become confused. Nor were they in favour of the 
proposal to establish several different institutes specializing in indivi- 
dual branches of the social sciences, on the ground that social prob- 
lems were so complex that the only way in which their principal 
aspects could be understood was by constant collaboration between 
the different social sciences in analysing a particular problem. They 
therefore recommended that specialized, rather than general, centres 
be established, but that in each of them representatives of several 
branches of social study should co-operate. They thought it would be 
better to begin by establishing a single centre, and recommended that 
first priority be given to a centre for dealing with the Human Implica- 
tions of Technical Changes. In order to ensure continuity in this work, 
it was considered that the centre should be established first for a 
period of at least five years. 

In the course of the discussion one member of the committee sug- 
gested a model project to illustrate the functions and methods of inter- 
national research under the proposed centre. The site for field research 
might be a newly established urban centre in a predominantly agri- 
cultural country. A team to study the human implications of such 
technical changes might consist of a project director who might be a 
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social anthropologist with say an economist or demographer as as- 
sistant director. Six to eight well-qualified research men, each pre- 
siding over one discipline, could act as tutors to a fourth category of 
staff that would consist of locally recruited research students. 

Some of the questions that might be subject to interdisciplinary 
study are the emergence of the managerial personality, the pro- 
letarianization of peasants, the development of prejudice and tensions 
among people subject to sudden transplantation, etc. 

Estimates of the cost of the centre ranged from $100,000 to $500,000 
per year. It was suggested that a budget of $250,000 to $300,000 per 
year might prove adequate. 


THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF 
SCIENCE FACES ITS SOCIAL RESPONSIBILITIES 


A significant report on the basic policy and function of the American 
Association for the Advancement of Science is now under considera- 
tion by the Association’s Council. It involves nothing less than a com- 
plete reorientation of both purposes and policy, with reduced emphasis 
on research in the individual sciences and major attention in the 
future to two other purposes: the unity of science and the relation of 
science and society. 

The report is signed, unanimously, by the 11 members of the 
Executive Committee and by nine special consultants. It is the result 
of a three-day special session held at Harriman, New York, in Sept- 
ember, at which the major problems of the Association were freely 
discussed, and especially the problem of unwieldy size as revealed in 
a membership of nearly 48,000 with 225 affiliated or associated 
scientific societies whose total membership exceeds half a million. 
Attendance figures at the annual meetings now run into many 
thousands and the numbers of papers read into hundreds. As the 
report states, “We have reached the stage where one over-all organ- 
ization cannot effectively deal with the intensive and _ specialized 
interests of individual branches of science. The technical papers that 
present detailed results in . . . (the individual sciences) . . . can more 
properly be presented before meetings sponsored and arranged by the 
appropiate professional groups.” 

Instead, the report continues, the AAAS has a larger task to per- 
form: “In view of the present size and complexity of science, in view 
of the seriousness and importance of the relation of science to society, 
and in view of the unique inclusiveness of the AAAS, it seems clear 
that this organization should devote more of its energies to broad 
problems that involve the whole of science, and to the relations of 
science to our society as a whole. 

“This increased emphasis on broad problems should lead to new 
activities in wider fields, but it also requires a modification of what 
the AAAS tries to do within and for science. Thus it seems clear that 
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a major present opportunity for the AAAS within science is to act, in 
all ways that promise useful results, as a synthesizing and unifying 
influence. As an obvious example, this indicates meetings at which 
one branch of science is interpreted to the other branches of science, 
meetings at which are stressed the interrelations between the branches 
of science, meetings which cultivate borderline fields, and meetings at 
which the unifying theme would be central problems whose treatment 
requires the attack of several disciplines. 

“This opportunity to try to ‘put science back together’ seems so 
important that it may be wise to modify the existing statement 
(quoted in the next paragrah) of the purpose of the AAAS to include 
more specific dedication to synthesizing activities. Such activities are, 
of course, wholly consistent with the present statement of purpose; 
but if in fact this is, as some of us feel to be the case, the major 
present internal opportunity of the AAAS, then it deserves explicit 
statement. 

“Finally, this same emphasis on over-all problems demands that 
the AAAS not only recognize but attack the broader external problem 
of the relation of science to society. It seems to us necessary that the 
AAAS now begin to take seriously one statement of purpose that has 
long existed in its constitution. To quote: 

“*The objects of the American Association for the Advancement of 
Science are to further the work of scientists, to facilitate co-operation 
among them, to improve the effectiveness of science in the promotion 
of human welfare, and to increase public understanding and apprecia- 
tion of the importance and promise of the methods of science in 
human progress.’ 

“It is clearly recognized that the diffusion among the general public 
of knowledge about science and its methods is a difficult, slow, and 
never-ending job. It would require staff, money, patience, and wisdom. 
It would involve failures, and it could at some points strain the pro- 
fessional sensitivities of scientists. But in our modern society, it is 
absolutely essential that science—the results of science, the nature 
and importance of basic research, the methods of science, the spirit 
of science—hbe better understood by government officials, by business- 
men, and indeed by all the people. 

“We enthusiastically reaffirm our belief in the statement quoted 
just above as the culminating object of the AAAS; and we favour the 
adoption, after suitable study, of activities in this field as a major 
active interest of the AAAS.” 


The report is still to be acted upon and put into effect. If that is done, 
the reorientation opens a new era for science and for society as well. 
It is a long step from the past isolation of science under the banner 
of “Science for the sake of Science” to science in the service of man. 
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BOOKS AND PUBLICATIONS 


Machinisme et bien-étre (Mechanization and Well-being), 

by Jean Fourastié, “Les Editions de Minuit”, Paris, 1951, demy 

quarto, 256 pages, 600 francs. 

This work is the first of a collection which is to be published under 
the direction of Georges Friedmann and which is to include a series 
of studies and articles dealing with the history of the machine, the 
social, psychological and moral consequences of the mechanization 
of work and recreative resources, the problem of the future place of 
human values in the technical world, etc. Disregarding the usual 
theories, pessimistic and optimistic, which have been in conflict on 
these matters for more than a century, the author seeks to state and 
solve, in purely scientific terms, the problem of the influence of tech- 
nical progress on the well-being of the various peoples. 

This problem is too complex to be considered in all its bearings, 
for the well-being of man depends on many things, such as his physio- 
logical equlibrium (health), his emotional equilibrium (happiness), 
his intellectual, moral, religious, social and political equilibrium, etc. 
Only the material circumstances of the societies concerned are studied 
in the present work, and solely from the standpoint of economic 
factors. The development of mechanization is here understood in a 
very wide sense, as covering all processes of production, distribution 
and consumption. Moreover—and the author repeatedly emphasizes 
this point—it is itself simply a consequence of the development of the 
sciences. No real technical progress, and therefore no real material 
progress, is possible without scientific progress: “The machinery for 
raising the standard of living is as follows: the sciences (first the 
mathematical sciences, then the physical sciences, and finally the 
biological sciences and the science of man at work) reveal causalities; 
man gradually makes use of these causalities to increase his power 
over things; scientific progress thus gives rise to technical progress.” 

The consequences of technical progress can be investigated either 
by studying the evolution of any given country over a long period, or 
by comparing at a given juncture—the contemporary period—the 
economic situation and well-being of nations which have reached 
different stages of technical development. The author uses both 
methods in turn throughout the present work. France has been chosen 
as a typical example so far as the evolution of living standards is 
concerned. Documents, which are scanty and little known in respect 
of the whole of the so-called traditional period, become more numerous 
from the beginning of the nineteenth century; but only in regard to 
recent times are systematically collected data available. Moreover, the 
evolution of living standards in France does not differ substantially 
from that of other Western countries. Any of them, whether slightly 
more or slightly less advanced than France, might have been chosen 
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as an example. The course of development of French economy since 
the close of the eighteenth century (the point at which, approximately, 
the period of traditional economy came to an end) has been, or is 
being, followed by all other nations, the starting-point or the rate of 
evolution being the only two varying factors. In present-day India 
and China, for instance, the average living and technical standards 
are broadly similar to those which existed in France in 1800; whereas 
the United States and certain other privileged countries are, today, a 
few decades ahead of France. It is these differences in the rate of the 
same type of evolution that account for the extraordinary diversity 
of living standards throughout the world. A study of the evolution 
of any given country is completed and confirmed by the study of the 
stage reached by various nations of today which represent all stages 
(past or future) of that evolution. 

This is the historical and geographical background of the work, 
which contains numerous illustrative tables. It is divided into two 
parts—the material consequences of mechanization can be considered 
from two different points of view, that of the standard of living and 
that of the mode of life. “The standard of living is determined by the 
relation between income (in terms of money) and the cost of consumer 
goods”; in can be represented more or less accurately by figures and 
graphs; its study is based on the analysis of wages or salaries and 
their purchasing power. The mode of life, on the other hand, is some- 
thing much more qualitative than quantitative; it covers a very wide 
field including, for instance, recreation and leisure, hygiene, fashions, 
housing, etc. In civilized societies, the standard of living and the mode 
of life are radically transformed by the advent of mechanization, which 
revolutionizes output and productivity; but their development is not 
absolutely parallel, and it frequently happens—as in France today— 
that the standard of living is voluntarily, if not consciously, sacrificed 
to the mode of life by a reduction in the hours of work. 

It is impossible, within the limits of this review, to describe in 
detail a work that contains so many new ideas and unfamiliar facts. 
We would merely emphasize some of its particularly useful aspects. 

One of its most striking features is its general optimism that never 
assumes the form of “special pleading”. The passages concerning the 
standard of living in France up to the end of the eighteenth century 
are quite remarkable, and show the absurdity of the theory that 
machinery enslaves man. The figures which will now be quoted are 
more eloquent than any comment could be. 

The different standards of living may be related to four main types 
of consumption: consumption based preponderantly on méteil (a 
mixture of wheat and other cereals); consumption based mainly on 
wheaten bread; consumption based in the main on various foodstuffs; 
and consumption which is chiefly of articles other than food. The 
history of the standard of living in France has passed through the 
first three stages but has not yet reached the fourth. The period of 
the traditional méteil standard of living extended up to the end of the 
eighteenth century; a study of it reveals that it was characterized by 
terrible poverty with which few are familiar. Vauban estimates the 
average expenditure of a farm labourer—a married man with two 
children—at approximately 90 livres (francs) a year, made up of 
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60 livres for méteil, 8 for salt, 15 for “rent, maintenance and other 
food”, and from 3 to 6 for taxes. On this basis, it may be estimated 
that such a budget corresponds to a ration of 400 gr. of wheaten bread 
and 400 gr. of rye bread per day and per person, i.e. 1,500 calories. 
It must be added that this extremely low standard of living was 
aggravated by the famines and epidemics which periodically ravaged 
the country; the death-rate recorded during certain periods of famine 
(at Ypres in 1313 and at Bourg-en-Bresse in 1709, for instance) was 
as high as that in the Nazi extermination camps—as much as 30 per 
cent. 

The industrial revolution of the nineteenth century resulted in a 
new standard of living for the workers. At first there was still great 
poverty, intensified by the fact that the very low standard of living 
was complicated by a new mode of life to which the peasants migrating 
to the urban centres had great difficulty in adapting themselves. The 
improvement, at first very slow during the period in which a country 
was providing itself with equipment, later became more rapid, parti- 
cularly in the second half of the century. From 1830 onwards, how- 
ever, expenditure on housing and clothing increased; the idea of the 
“subsistence minimum” grew up and, in the average worker’s budget, 
méteil was completely replaced by wheaten bead; cheese, butter, a 
portion de mets et bouillon (a little meat and broth), some clothing 
and lighting, heating and laundering also, gradually, found a place 
in it. Towards 1830, the proportion occupied by bread in the budget 
—which towards 1700 was 68 per cent—varied between 35 per cent 
in the towns and 50 per cent in the rural districts. From then onwards 
it continued to diminish gradually and is now only about 3 per cent. 
In New York, bread and other cereals constitute less than 1 per cent 
of a worker’s budget. The credit for this must be taken by our 
industrial civilization. 

Continuing his analysis in detail, J. Fourastié shows that these dif- 
ferences in the standard of living correspond to differences in pro- 
ductivity and therefore to differences in technical standards. So 
precise is the working of this mechanism that there is never any 
increase in the purchasing power of wages or salaries in terms of 
consumer goods that does not benefit by technical progress. 

For the last 300 years, for instance, the charges made by barbers 
and hairdressers have remained proportionate to wages. The reason 
is that, whatever make of scissors or clippers is used, a haircut still 
requires 15 minutes of work. In the Middle Ages, in the eighteenth 
century or at the present time in Paris, New York or Peking, the price 
has remained approximately equivalent to two-thirds, or to the whole, 
of the hourly wage of a hairdresser, On the other hand, the prices of 
manufactured articles, which have benefited by technical progress, 
have experienced a remarkable reduction. In 1702, for instance, a 
mirror measuring 4 sq. metres represented from 35,000 to 40,000 hours 
of work and was sold for 2,750 livres; in 1845, it represented only 
6,900 hours of work and was sold for 1,245 francs; in 1905, it was sold 
for 60 francs, representing 200 hours of work. Measured in terms of 
mirrors, the purchasing power of salaries has increased more than 
200-fold; measured in terms of a haircut, it has remained stationary. 
The same movement has taken place with regard to manufactured 
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objects, agricultural products, transports, etc.; to the extent that 
there has been an increase in their production, the masses’ purchasing 
power in respect of them has increased. Inversely, for articles of con- 
sumption like education, justice, works of art, etc., whose production 
has increased only slightly, if at all, purchasing power has risen, 
where it has risen at all, only to a very small extent. 

Many other examples show that the “productivity of work is the 
variable motive force of contemporary economic evolution”. It is the 
preponderant, decisive factor in the raising of the standard of living; 
and it is becoming clear that there can be no hope of an improvement 
in living standards without an increase in production, just as there 
can be no increase in production without a change in the structure 
of production, the latter in turn depending on the structure of the 
working population. The raising of the standard of living through 
improved distribution or through higher wages will remain illusory 
so long as no attempts are made to solve the fundamental economic 
problem, which is how best to distribute the population throughout 
the various productive enterprises. We must cease to “think in terms 
of wealth and capital, receipts, profits and income”; we must “think 


in terms of work”. 
A. LAMING. 


Four Thousand Million Mouths, Scientific Humanism and the 
Shadow of World Hunger, 

edited by F. Le Gros Clark and N. W. Pirie, Oxford University Press, 

Geoffrey Cumberlege, London, 1951, 222 pp., 12s. 6d. 

“Within the lifetime of some of our children the world’s population 
may be expected to reach 4,000 millions. It stands at present at about 
2,300 millions; and it is said to be increasing at the rate of about 
1 per cent per year. . . . How shall we work the miracle of feeding the 
4,000 millions?” 

This is the question which has lately been the subject of so much 
discussion, and which this eminently sensible book sets out to answer. 
A series of 12 essays, each written by an expert, deals with different 
aspects of the problem, showing how particular branches of know- 
ledge can be used to the best advantage in increasing the world’s food 
supply. The book begins with F. Le Gros Clark’s historical study of 
the long controversy on the relation between population and food 
resources, and places the whole problem in its social setting. It makes 
the point that, once the human species had established itself on earth, 
the old biological laws of population tended to become subordinate to 
the laws governing social development; and that we are more conscious 
of the influence of various social and economic trends than were the 
contemporaries of Malthus, though we cannot weigh all the factors 
involved. 

After this historical introduction, the book proceeds at once to the 
heart of the matter with an essay by G. V. Jacks on’soil conservation. 
This problem looms particularly large in the recently settled countries 
of the world. Where permanent agriculture is securely established the 
problem of soil conservation virtually does not exist, because ipso facto 
it has been solved. For permanent agriculture implies that the soil 
has been and is being conserved by agricultural practices which have 
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been evolved through a process of adaptation to the environment. But 
in the recently settled countries such practices have not yet been 
evolved, although there is a type of agriculture, specific for each 
region, which by a combination of protective measures will conserve 
the soil as effectively as does the natural vegetation. The author sug- 
gests that soil conservation is a characteristic of civilization in its 
prime. Civilized societies both in their early formatve periods (the 
Americas and the New World) and in their periods of decline (India, 
China) do not act in ways that will conserve the soil. On the other 
hand, in Western Europe, which is still at the zenith of its civilization, 
there is no soil deterioration to speak of. As it is easier to introduce 
soil conservation into societies which have not yet reached their zenith 
than into those which have passed it, the prospects that soil conserva- 
tion will be an important factor in relieving the food deficiency are 
poor for India and China, and good for the Americas and the 
Antipodes. 

Another way of increasing food supplies consists in raising the pro- 
ductivity of land already under cultivation. Dr. F. Yates approaches 
this problem from the angle of the use of fertilizers and the place of 
farm animals in intensive agricultural systems. With a wealth of 
figures taken mainly from British experience, he reaches the con- 
clusion that the increased use of fertilizers, though an essential factor 
in any general raising of productivity, cannot in itself achieve any 
spectacular increases. He also shows, by the example of the United 
Kingdom, how in case of necessity the quantity of food can be raised 
at the expense of its quality. The total annual requirements of the 
British population are 12.7 million tons of starch equivalent. Now 
the U.K. fields produce a total of 22.6 million tons of starch equi- 
valent. But of these only 3.2 millions go for human consumption; the 
remaining 19.4 millions are fed to animals, which return only 1.9 mil- 
lions for human consumption. Thus the U.K. must import 60 per cent 
of its requirements. Obviously these 19.4 million tons fed to animals 
can be cut down and partly diverted to human consumption in case of 
need. However, Dr. Yates uses his figures to emphasize the critical 
urgency of getting the birth-rate under control in the more densely 
populated areas of the world, if we want to raise the standard of 
nutrition and health in the world. 

To ask for increased yields in the immediate future is almost syno- 
. nymious with asking for healthier crops. This aspect of the question 
is ably and pertinently dealt with by F. C. Bawden, who limits himself 
to the infectious diseases of plants. There is ample scope for im- 
proving the health of plants, but very little can be done in this 
direction as long as the present scarcity of plant pathologists persists. 
The author points out how much economic botany has been neglected 
in comparison with most other branches of science, and how serious 
the consequences of this neglect have been. There is little point, in 
his view, in preventing babies dying from infectious diseases, if they 
are only to die a few years later from starvation. Far more important 
than sending emergency food supplies to areas threatened with starva- 
tion, is to supply them with the knowledge and the materials to avert 
these crises. And Mr. Bawden argues convincingly that the improve- 
ment of plant health offers the quickest and the least disruptive means 
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of increasing the food supply of food-deficient countries. But he also 
thinks that present population trends must be reversed if famine 
is to be avoided and not merely postponed. 

Another means of increasing the yield is discussed by Dr. S. C. Har- 
land, who shows what applied genetics can do to augment the world’s 
food supply both quantitatively and qualitatively. He points out that, 
of the several hundred thousand plants available to man, only a few 
thousands are domesticated, and these were practically all discovered 
before history began. Sugar beet and the American blueberry are 
among the very few examples of domestication in more recent times. 
But more possibilities for the future lie in the improvement of plants 
already partly domesticated. The lupin and the cotton plant are two 
examples of plants originally used for purposes other than human 
consumption, which by selection have been converted into valuable 
sources of human food. Maize also, as has been shown in the U:S.A., 
can be selected for high oil and high protein content. There are hardly 
any limits to what can be done by breeding plants to engineering 
specifications. An invariably successful method of increasing yields, 
wherever it can be adopted, is the raising of more prolific hybrids. 
Through the use of hybrid maize, 700 million more bushels of maize 
are being produced each year in the U.S.A. 

The next four sections consider the conversion of vegetation and 
cereals into animal food. Dr. H. D. Kay examines the ways of im- 
proving the milk supply, reminding us that one of the best-established 
principles of nutritional science is the basic fact, which Lord Boyd- 
Orr has always emphasized, that cow’s milk is of outstanding im- 
portance in the diet of human beings of all ages and in all countries. 
Dr. J. Hammond discusses the pig as a producer of food and concludes 
that, when the knowledge already accumulated by scientific experi- 
ment is put into practice, there should be a greatly increased output 
of pig meat, even if no additional source of feeding-stuffs were 
available for the pig. But with the advances now being made (e.g. the 
development of sorghum-growing in Queensland), extra supplies of 
feeding-stuffs should be available fairly soon. Dr. C. E. Lucas deals 
with the harvesting of the waters and points out that there has so far 
been very little application of scientific knowledge to fishing, 
although potentially the waters represent the greatest basic food- 
producing system. The ways of preserving and using fish resources are 
discussed by G. A. Reay and Dr. C. L. Cutting, who show how the 
quality of fish and the uses to which it is put could be upgraded by im- 
proved techniques of processing and distribution, not only in the less 
developed areas, but also in the most highly industrialized countries. 

The last two essays take up the problem of waste. N. W. Pirie 
discusses the waste of the abundant green vegetable matter that 
renews itself every year, and shows that it can be transformed into 
food, both human and animal. A. L. Bacharach and T. Crosbie-Walsh 
deal with the processing of food from the viewpoint of the food 
technologist. 

As has been remarked earlier, this is a sensible book, full of useful 
information and suggestions. But it could hardly be expected to 
answer the momentous question implied by its title. Indeed, running 
throughout it is the belief that the difficult problem of feeding the 
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world’s peoples can be solved by science—but only if the rate of 
increase of the world’s population is slowed down. Otherwise, in the 
next century, we may have 4,000 million people as precariously fed as 
are the present 2,300 millions. 


Science and Foreign Relations, 

Department of State Publication 3860, General Foreign Policy 

Series 30, released May 1950, Washington, viii -- 170 pp. 

In May 1949, the U.S. State Department’s Reorganization Task Force 
No. 2 included in its findings the following recommendation: 

“The Department is dealing on the one hand with foreign policy 
matters which have a great effect upon U.S. scientific policy and on 
the other hand with international scientific activities which have an 
impact on foreign policy. These matters are being handled at various 
points without adequate scientific evaluation. . . . We believe that the 
extent of the Department’s responsibility for international scientific 
matters requires top policy consideration and the aid of professional 
scientific judgment. . .” 

The Task Force advised that a scientist of national repute be asked 
by the Department to serve as a temporary consultant to analyse and 
submit recommendations on: 

1. The réle of the Department in national scientific policy and activ- 
ities, and their interrelationships with foreign policy; and 
2. Appropriate organization and staffing required to carry out the 
Department’s responsibilities. 
Consequently, on 4 October 1949, the Secretary of State appointed 
Dr. Lloyd V. Berkner, a distinguished physicist with wide experience 
of government work, to examine the whole matter of science and 
foreign relations, and to formulate recommendations regarding the 
réle and functions of the Department in connection therewith. 
Dr. Berkner had at his disposal the facilities and advice of the National 
Academy of Sciences, whose Committee on International Science 
Policy unanimously approved his report. 

The whole subject of science and foreign relations presents itself 

broadly under two aspects: 
1. The influence of foreign relations upon the development of science 
and technology. 
2. The influence or réle of science and technology in formulating and 
carrying out foreign policy. 
It must be said at once that the Berkner Report is concerned much 
more with the first than with the second of these aspects. It has a 
great deal more to say about the contribution which foreign policy 
can make to the furthering of scientific and technological progress 
than about that which science and technology can make to foreign 
policy. In fact, that this was the intention of the Report is clear from 
its preamble, which states the two fundamental questions the Report 
endeavours to answer: 

“First, how can the potentialities of scientific progress be integrated 
into the formulation of foreign policy, and the administration of 
foreign relations, so that the maximum advantage of scientific pro- 
gress and development can be acquired by all peoples? 

“Second, how can foreign relations be conducted in such a manner 
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as to create the atmosphere that is essential to effective progress of 
science and technology?” 

It will be noted that the emphasis is on scientific progress, and not 
on foreign policy per se. However, the question of what science can do 
for foreign policy is not entirely neglected. One of the basic premises 
of the Report is that, since science is essentially international in char- 
acter, it provides an effective medium by means of which men can 
meet and exchange views in an atmosphere of intellectual freedom and 
understanding; it is therefore an effective instrument of peace. Thus 
anything which promotes the spread of science contributes ipso facto 
to better international understanding, and becomes automatically an 
instrument of foreign policy. It is no doubt for this reason that the 
Report deals in so much detail with such technical subjects as the 
support of international scientific organizations and conferences, 
scientific exchange programmes, and the facilitating of the inter- 
national flow of scientific information—subjects which hitherto have 
not been considered as falling within the scope of foreign affairs. 

Nor does the Report neglect the value of technical assistance as an 
aid to and instrument of foreign policy. Indeed, technical assistance 
to other countries has for years been an integral part of American 
foreign policy. Before the war it was one of the characteristic features 
of the good-neighbour policy of the United States in Latin America. 
Since the end of the war it has been a prominent feature of the pro- 
grammes of general aid extended to Europe under ECA and to other 
countries outside Europe. Finally, it is a basic element in President 
Truman’s Point IV, “a bold new programme for making the benefits 
of our scientific and industrial progress available for the improve- 
ment and growth of underdeveloped areas”. The Berkner Report fully 
recognizes the importance of technical assistance as an instrument of 
American foreign policy, and stresses the fact that assistance pro- 
grammes require, in every phase of their development, the balance of 
political, economic, and technological judgment. This obviously calls 
for a scientific advisory body at foreign-policy-making level. 

But when it comes to analysing the rodle of science in the formula- 
tion of foreign policy (a whole chapter is devoted to this subject) the 
Report has very little to say about what science can do for foreign 
policy, beyond stating that an adequate competence in the natural 
sciences and technology no less than in the political, economic, and 
social sciences is an important prerequisite to the success of the many 
operations and decisions which form the building blocks of foreign 
policy; and that it is important to ensure prompt awareness of develop- 
ments or trends having potential implications for American national 
security. Even in this chapter the Report is mainly concerned with 
what foreign policy can do for science, i.e. with the pros and cons of 
supporting in individual cases the holding of international scientific 
conferences, the attendance of U.S. scientists at such conferences if 
held abroad, and of foreign scientists if held in the U.S.A., the aid 
to science and scientists in allied countries and in other countries, etc. 
It considers that one of the most important aspects of policy formula- 
tion that requires a keen appreciation of contemporary science is the 
creation of a favourable atmosphere in which science and technology 
will flourish through a clear and adequate understanding by the State 
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Department of the consequences to science and technology of the 
day-to-day decisions that are made in the formulation of foreign policy 
and the administration of foreign relations. However, the Report also 
recognizes the second important aspect, viz., a realization on the part 
of those charged with formulating foreign policy and with the ad- 
ministration of foreign relations of the potentialities of contemporary 
science and technology for the solution of world problems in the light 
of U.S. foreign policy. 

The main aim of the Report is to provide a basis for an international 
science policy of the U.S.A., a policy in which the Department of State 
must necessarily assume the leading part. It should stimulate the 
collection and dissemination of foreign scientific information, give its 
support to international scientific organizations and conferences in- 
cluding Unesco, promote scientific information and educational ex- 
change programmes, sponsor programmes of technical assistance, 
facilitate the international flow of non-secret scientific and techno- 
logical information, etc. It is in its proposals for setting up the ap- 
propriate machinery to enable the Department of State to discharge 
these responsibilities that the Report is at its most interesting. 

It recommends the establishment at the Department of State of a 
central scientific authority to advise the Secretary of Sate in scientific 
matters, to co-ordinate scientific affairs within the Department, to 
assemble facts relating to science and technology, interpret their 
significance and implications, and inform the relevant sections of the 
Department of the bearing upon foreign affairs of the scientific and 
technical issues growing out of these evaluations. This central scientific 
authority should be headed by a high-ranking scientific adviser assisted 
by a deputy and three other scientists representing respectively the 
physical sciences, the life sciences, and technology. These appoint- 
ments should not be permanent, since scientists isolated for too long 
from the active practice of their profession tend rapidly to lose their 
professional qualifications. In addition, the National Academy of 


Sciences should appoint a committee to act as top level advisers to the . 


Department of State on scientific and technological aspects relating 
to important decisions of foreign policy. 

The science organization at the Department should be supported by 
overseas science staffs, in other words, by scientific attachés in the 
embassies and legations, which would perform in the field of science 
tasks analogous to those performed by commercial or military attachés 
in their own fields. The Report recommends the establishment of two 
kinds of overseas science representations: area offices and country 
offices. The first would cover a whole group of countries, such as 
Western Europe (London office), South Africa (Johannesburg), South 
America (Rio de Janeiro), Australasia (Canberra or Sydney), perhaps 
also the Middle East (Cairo), and South-East Asia (Delhi). For the 
country offices the Report names Ottawa, Paris, Berne, Rome, The 
Hague, Brussels, Oslo, Copenhagen, Stockholm and Lima. 

In spite of its limitations, the Berkner Report is a document of great 
importance, because it represents the first systematic attempt at 
government level to examine in a public document the relation. be- 
tween science and foreign policy. It may be added that the main re- 
commendation of the Report has already been implemented by the 
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establishment of a science office at the Department of State, and the 
appointment by the latter of science attachés in Great Britain, Scandi- 
navia and the Continent. 


“Research as a Social Process, Social Status, Specialization and 
Technical Advance in Great Britain”, 

by R. L. Meier. British Journal of Sociology, London, June 1951, 

Routledge and Kegan Paul, Vol. II, No. 2, pp. 91-104. 

The author of this article has studied and worked in universities, 
research establishments and industry in the United States and Britain 
and has observed how the two countries differ in their approach to 
research and in the status accorded to it. In an earlier paper published 
in 1950‘ the organization of British science was reviewed. By com- 
parison with the United States and other highly developed industrial 
countries, Britain was found to devote a high proportion of her re- 
sources of wealth and manpower to fundamental research, which the 
author defines as that kind of effort which contributes to our general 
knowledge, irrespective of whether it is intended to be used im- 
mediately. British results in the field of fundamental research were 
shown to lead to more development abroad than at home—the indus- 
trial potential of Britain not being capable of utilizing more than a 
proportion of the findings of her fundamental research workers. 

In this paper the social causes underlying the British pattern of 
distribution of effort as between fundamental and applied research 
are reviewed and suggestions for remedying the position are advanced. 

As a starting point in his analysis Dr. Meier sketches the institu- 
tional structure of research, i.e. the pattern of functions and operations 
which research and development organizations in the United States, 
Britain and Western Europe hold in common. To illustrate this 
pattern, Dr. Meier has drawn a chart showing how fundamental re- 
search is translated into new technology and social services: 


Production and widespread application 


Technical service 


Pilot plant, Market research 
prototype, or field investigation and development 


Production process development 








Exploratory and applied research 


Fundamental research 


Fig. 1. Research functions underlying modern technology: essential ideas, skills and tools 
must be created at all levels in order to make use of scientific research; in a well-balanced 
effort it now takes an average of 5-10 years for a programme to rise from the bottom to the 
top; this efficiency is usually obtained when the work is carried out by a single organization 
in which internal communication is effective. 


1. Meier, R. L., Manchester School, vol. 18, 1950, p. 101. 
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Each of the functions of research organization, as shown in the 
chart, requires special combinations of skills and differentiated 
training of technical workers—training which is usually acquired in 
different types of educational institutions. The problem is to weld 
these disparate backgrounds into an efficient productive unit. 

The basic difficulty is that of communication. Each highly trained 
specialist speaks and understands only the language of his speciality. 
He is taught to view a problem from a particular angle and to for- 
mulate his ideas about the problem in a special jargon. Efficient trans- 
lation of a programme from the bottom level of the figure to the top 
demands that the barriers of communication be reduced and that the 
contribution of each level be brought to bear at the required time. 
Complicating the problem of communication between specialists is 
the fact that while the results of fundamental research are in the 
main freely published, at other levels restrictions of differing sorts 
operate to prevent the free publication of a large proportion of the 
results. 

Comparing now the relationship and emphasis applied to the various 
functions of research and development shown in the figure in different 
industrialized countries, Dr. Meier finds that the British maintain two 
or three times the proportion of effort expended by other countries in 
fundamental research, while their expenditure on market research is 
less than that devoted to it in other countries. 

The reasons for this difference of emphasis are historical. Britain, 
like other countries, from the early nineteenth century, accorded to 
science a status equal to that of the other intellectual disciplines: the 
scientist must never be dissuaded from seeking the truth, and truth 
should not be corrupted by the profit motive. In many countries war 
and developing commercialism have upset this tradition, whereas in 
Britain it remains strong. It has produced, according to Dr. Meier, a 
social stratification of scientists and engineers, so that the purer, the 
more fundamental the scientific discipline followed, the better is the 
practitioner considered. Moreover, this scientific hierarchy tends to 
solidify further an already existing social stratification. The upper 
rungs of the scientific social ladder tend to be recruited from university 
graduates, the middle ones from engineering and technical day 
schools; while the bottom rungs are occupied by people who have 
picked up their training in evening classes or trades courses. To 
climb up the social ladder of science is, in Dr. Meier’s view, very 
difficult, even though the barriers are not overtly admitted and are 
often vigorously denied. 

Another factor impeding communication between research groups 
is specialization. It is an implicit belief in Britain that a man can only 
do good work in one thing at a time. General education ceases at a 
remarkably early age and thereafter the process tends to a progressive 
narrowing of the field of study until the subject of the process arrives 
at what Dr. Meier calls “the needle-like penetration of the Ph.D”. 

Dr. Meier proposes two remedies for the social malaise of British 
research. The first consists of inducements to persuade some of the 
top-level theorists, who would otherwise restrict their activities to 
pure science, into responsible positions in applied research. Economic 
inducements, Dr. Meier admits, will not avail, particularly with 
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graduates of Oxford and Cambridge. The only formula likely to 
succeed is to make arrangements whereby these scientists have half 
their time for their own research and half for applied research. Al- 
ready the precedent exists in university departments whose staff must 
barter part of their time and liberty by teaching in order that they 
may research as they wish. 

The second remedy is designed to increase the number, at present 
infinitesimally small, of multiple specialists and “generalists” to 
bridge the gaps and translate the thinking of one level to make it 
intelligible to others. To recruit and train the right type of “gen- 
eralist” one must demand a good background in one of the more pre- 
cise disciplines; the position offered must have prestige; the approach 
offered should be through problems whose ramifications will lead the 
researcher across the recognized boundaries of the specialities; steps 
must be taken to keep the “generalist” insulated from the prejudices 
of narrow-minded specialists. 

The man-power exists capable of being moulded into this frame- 
work. It would be necessary to establish travelling fellowships 
which would enable the holders to prepare for a doctorate at certain 
universities. Candidates would themselves propose interdisciplinary 
problems which would be judged by their “researchability” in con- 
junction with recommendations from their university tutors. When 
their fellowship ended, a way would have to be opened for the “gen- 
eralists” into the Civil Service, corporations and universities since 
they would in many cases be excluded from normal entry. Once they 
had established themselves, Dr. Meier anticipates that they would be 
admirably fitted to fill administrative posts and to initiate research 
into the more unusual fields. 

The paper ends with a plea for much fuller information about the 
social origins of scientists and engineers, their attitudes, why they act 
as they do, how they would respond to schemes for co-operative work, 
and the social results radiating from a successful research and 
development organization. Until we have this information, the pro- 
posals put forward by Dr. Meier and others like them must be ten- 
tative and remain speculative. 

JAMES SWARBRICK. 
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BIBLIOGRAPHY OF INTERLINGUAL SCIENTIFIC AND 


TECHNICAL DICTIONARIES 
by J. E. Holmstrom 


(bilingual) 224 pp. Indexes. $ .65 4/- 200 fr. 


1,077 existing special dictionaries grouped under 224 
subject heads and indexed under 45 languages as 
well as by author. Also included in the bibliography 
are a few books dealing with scientific or technical 
matters. These contain indexes sufficiently complete to 
enable the reader to refer to them for explanation of 
terminologies. 


REPORT ON INTERLINGUAL SCIENTIFIC AND 


TECHNICAL DICTIONARIES 
by J. E. Holmstrom 


35 pp. $ 25 1/6 75 fr. 


An investigation of the need for and the availability 
of special dictionaries of scientific and technological 
terms with suggestions for remedying the deficiencies 
revealed. Methods of procedure suggested for im- 
proving the production of these dictionaries include, 
among others, classification techniques and _ the 
standardization of terminology. 


Available through bookshops or direct from the National Distributors 
(see list). For information concerning Unesco Publications, please 
write to Unesco, 19 Avenue Kléber, Paris-16°. 














